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THIS  work,  as  its  nanie  indicatee,  extende  over  the  field  of 
plane  eurvejing.  It  illustrates  and  describes  the  inatru- 
ments  emplojed,  their  adjustmente  and  uses  ;  it  exemplifies  the 
beet  method B  of  solving  the  common  problems  occurring  in 
practice,  and  furnishes  eolutions  for  man}'  special  cases  which 
not  unfrequently  present  themselves.  An  experience  of  twenty 
years  in  the  field  and  in  technical  schools  confirms  the  opinion 
that  a  work  of  this  kind  should  be  eminently  practical ;  that 
the  student  who  desires  to  become  a  reliable  surveyor  needs 
frequently  to  manipulate  the  ^-arious  surveying  instruments  iu 
the  field,  to  solve  many  examples  in  the  class-room,  and  to 
exercise  good  judgment  in  all  these  operations.  With  this  in 
view,  therefore,  the  different  methods  of  surveying  are  treated, 
directions  for  nsing  the  instruments  are  given,  and  these  are 
supplemented  by  numerous  examples  to  be  solved,  by  various 
field  exercises  to  be  performed,  and  by  many  queries  to  be 
answered. 

Chapter  I.  is  devoted  to  Chain  Surveying,  in  which  direc- 
tions are  given  for  measuring  and  ranging  out  lines,  and 
methods  of  overcoming  obstactes,  recording  field  notes,  obtain- 
ing areas,  and  plotting  a  chain  survey. 

Chapter  II.  treats  of  Compass  and  Transit  Surveying,  or 
when,  in  addition  to  the  chain,  an  inetmment  for  measuring 
angles  is  employed.  In  this  chapter  the  compass  and  transit, 
the  solar  attachment,  the  adjustments  of  these,  and  auxiliaries 
of  the  transit,  such  as  the  stadia  wires,  gradienter,  etc.,  are 
fully  illustrated  and  described,  and  their  uses  shown.  Here 
the  various  methods  of  obtaining  the  data  requisite  to  deter- 
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mine  the  area,  ae  well  as  the  different  methods  employed  in 
calcalating  the  contents  of  land,  are  exhibited.  Teste  of  the 
accuracy  of  a  survey  are  indicated,  numerous  methods  of  over- 
coming obetaciee,  eupplyiug  omiesious,  of  ascertaining  heights 
and  distsncee,  of  keeping  the  field  notes,  and  of  plotting  a  sur- 
vey are  given,  while  the  nsee  of  the  solar  attachment  in  deter- 
mining the  latitude  of  a  etatjon  and  its  geographic  meridian  are 
exemplified. 

The  student  now  having  been  taught  how  to  survey  land, 
using  a  needle  instrament,  should  become  acquainted  with  the 
declination  of  the  magnetic  needle,  or  variation  of  the'oompass, 
as  it  is  frequently  called.  This  subject  is  accordingly  dis- 
cussed in  Chapter  HI.  Some  of  the  tables  and  much  of  the 
matter  is  taken  from  the  Reports  of  the  United  States  Coast 
and  Geodetic  Survey.  The  student  will  do  welt  to  give  this 
cbapt«r  a  careful  inspection,  examining  the  tables  and  formu- 
las and  the  directions  for  determining  the  true  meridian,  thus 
being  prepared  with  facts,  figures,  and  methods,  which  will  en- 
able him  Intelligently  to  undertake  the  retracing  of  old  lineS) 
as  well  as  to  establish  mtii  considerable  precision  his  geo- 
graphic meridian,  and  thereby  obtain  the  declination  of  the 
needle. 

Chapter  IV.  is  devoted  to  Laying  Out  and  Dividing  Up  Land. 
This  subject  is  of  more  importance  than  some  suppose,  especi- 
ally to  practitionerB  in  the  oldei-  States  of  the  Union,  and  is  here 
treated  very  fully.  The  principal  cases  are  exemplified,  and 
general  directions  and  suggestions  ^ven,  so  that,  it  is  believed, 
with  a  thorough  knowledge  of  this  chapter,  the  student  will  be 
enabled,  without  embarrassment,  to  meet  the  requirementB  of 
an  extensive  practice. 

The  description,  adjustment,  and  nse  of  the  Plane  Table  form 
the  subject  of  Chapter  V.  This  instrument  is  being  employed 
more  frequently  than  formerly  in  park  surveys,  in  determining 
positions  in  harbors,  along  the  lines  of  proposed  highways,  in 
"  filling  in "  large  sarveya,  and  generally  in  locating  points 
where  extreme  accuracy  is  not  required. 
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In  Chapter  VI.  the  Byetem  employed  by  the  goTemment  id 
the  Survey  of  the  Public  Lands  is  set  forth.  The  description 
and  adjustment  of  the  Solar  Compass,  which  is  used  quite  ex- 
tensively in  these  surveys,  precede  an  account  of  the  origin  of 
the  system,  and  the  leading  points  in  the  "  InBtructions  to  Sur- 
veyore-iGeneral "  from  the  commissioner  of  the  land  office.  A 
tonn  of  recording  the  notes  extracted  from  the  "  Instructions  " 
is  also  given,  the  chapter  closing  with  formulas  and  a  table  for 
determining  the  inclination  of  meridians  and  deviation  of  par- 
allels. 

Chapter  VII.,  on  City  Sorveying,  is  from  the  pen  of  my 
friend  and  former  ooUeagae,  Frederic  H.  Robinson,  C.E.i  City 
Engineer  of  Wilmington,  Del.  This  sabject  has  received  but 
little  notice  from  writers  on  surveying,  although  the  need  of 
some  systematic  and  practical  treatment  of  it  has  long  been 
recognized.  It  therefore  affords  me  much  pleasure  to  acknowl- 
edge my  indebtedness  to  Professor  Robinson  for  supplying  this 
want,  and  bo  enhancing  the  value  of  this  publication  as  a  text- 
boolc.  Experience  in  teaching,  and  ten  years'  practice  in  city 
anrveys  and  improvements,  eminently  qualify  him  to  speak  on 
this  important  subject  with  authority  and.  in  a  manner  readily 
understood  by  students. 

The  special  instruments  needed  In  this  branch  of  surveying 
are  illustrated  and  descrit)ed ;  the  adjustment  of  the  V^level 
and  directions  bow  to  level  and  to  record  the  notes  are  given ; 
more  refined  means  of  measuring  lines  are  discussed ;  tempera^ 
ture,  pull,  Bag,  wind,  etc.,  are  considered,  and  corrections  indi- 
cated; best  directions  and  width  of  streets,  together  with  the 
subject  of  grades,  sewers,  the  establishment  of  i>ermanent 
reference  points,  and  adjusting  property  lines,  are  fully  set 
forth. 

To  my  college  classmate  and  esteemed  friend,  F.  Z.  Scbel- 
lenberg,  C.E.,  Superintendent  of  Westmoreland  Coal  Co.. 
Irwin,  Pennsylvania,  I  am  indebted  for  Chapter  VIII.,  on 
Mine  Surveying.  This  chapter,  though  in  general  explanatory 
of  what  is  applicable  and  peculiar  to  this  branch  of  surveying, 
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includes  directiona  for  running  contours  and  sketching  top(^- 
raphy.  It  is  replete  with  anggesttons  that  will  be  valued 
irheD,  b;  the  aid  of  tJie  atady  of  mine  workings  themselves  and 
their  ground,  illustrations  will  be  afforded  which  otherwise,  as 
drawings  alone,  cannot  readily  be  understood. 

The  Judicial  Functions  of  Surveyors,  as  givep  by  Chief  Jus- 
tice Cooley,  are  set  forth  in  an  Appendix. 

Those  who  are  familiar  with  the  elegant  tables  of  logarithms 
of  numbera  and  of  trigonometrical  functions  prepared  by  Fro- 
feasor  "Wentworth,  will  likely  recognize  the  use  of  his  electro- 
plates, from  which  I  have  been  permitted  to  print  Tables  I., 
in.,  IV.,  and  VII.  To  him  my  personal  acknowledgments 
are  due.  The  plates  from  which  Tables  II.,  V.,  VI.,yiII.,and 
IX.  are  printed  were  prepared  expressly  for  this  work.  It  is 
thought  that  the  four-^ace  tables  of  the  natural  tr^nometri- 
cal  fnnctioDS  will  be  found  very  nseful  in  coDnectioa  with  sm-- 
veying  and  eDgineeriug  operations.  They  are  believed  to  be 
correct,  having  been  very  carefully  compared  with  others  whose 
accuracy  is  unquestioned. 

In  additioD  to  acknowledgments  made  elsewhere,  I  take 
pleasure  in  cxpreasing  here  my  thanka  to  Meaera.  W.  and  L.  E. 
Gurley,  of  Troy,  New  York,  for  the  nse  which  1  have  been  per- 
mitted to  make  of  their  valuable  catalogue,  in  the  description 
of  cei'tain  instruments,  and  for  the  loan  of  several  plates  for 
the  engraving  of  instruments  ;  also  to  Messrs.  Fauth  and  Co., 
WashingtOQ,  D.C.,  and  to  Messrs.  Heller  and  Brightly,  and 
Messrs.  Young  and  Sons,  Philadelphia,  Pa.,  for  plates  which 
they  kindly  furnished  for  the  illustration  of  the  subject. 

D.  C. 

WtVTXiai    UnIVERIITV    of    PlHKaTLTAIlIA, 

December,  1887. 
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SURVEYING. 


DEFISrnONS,  ASD  DIVISION  OF  TH£  SUBJEOT. 

1.  StmreTiiij^  U  the  art  of  determining  and  delineating  the 
relative  position  of  points  upon  the  surface  of  the  earth.  It 
consistB  principally  in  meaauriug,  lajing  out,  and  dividing  land  ; 
in  establishing  lost  poBitions ;  in  the  measurement  of  heights 
and  distances ;  and  in  the  graphical  representation  of  the  peca- 
liaritieB  of  any  part  of  the  earth's  surface. 

2-  It  ma;  be  divided  into  two  parts :  Plame  Subvxitno  and 
Gbodetic  SlTBTETraO. 

In  Plane  Surveying  the  spherical  form  of  the  earth  is  neg- 
lected ;  in  other  words,  Hie  portion  of  the  earth  included  in  the 
survev  ie  regarded  as  a  horizontal  plane.  This  may  be  done 
without  sensible  error  where,  as  in  ordinary  land  surveying,  the 
operations  are  limited  to  surfaces  of  small  extent. 

In  G-eodetic  Surveying  the  shape  of  the  earth  is  I'egarded, 
since  the  surfaces  under  consideration  are  so  extensive,  as  in 
the  United  States  Coast  and  Geodetic  Surveys,  sensible  errors 
would  otherwise  arise. 

Rbhase.  The  spherical  excess  of  a  spherical  triangle,  each 
of  whose  sides  is  one  mile,  is  less  than  six -thousandths  of  a 
second.  The  excess  amounts  to  only  one  second  for  an  area  of 
75.5  square  miles,  each  side  of  the  equilateral  triangle  being 
then  aboDt  13  miles. 
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S  SUBVETIHO. 

3.   In  the  foUoiring  pages  Plane  Sorreyiiig  ooly  wQl  be  coq- 
«dered,  and  the  sobject  treated  under  the  following  heads : 
Chaix  SnBTBTnro. 

COMPABS   AMD   TrAKSIT  SUBYEmK}. 

Flake  Table  Scrtktinq. 
GoTXRMKBirr  Sdktitiko. 
Crn  SuBvicviK6> 

HiNE   SDBTSTme. 

In  Plane  Surreyiog  there  are  usually  three  operations : 
1.  The  Field  Work. 

3.  The  Graphical  Bepivsentationy  or  Plot. 
8.  The  Computation, 
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4.  Oh&in  SmrTeying  has  diiefly  for  its  object  the  determinfi- 
tion  of  Areas  from  d&ta  obtained  b;  direct  meaBorement  of 
diataoces  between  points.  The  instruments  needed  are  there- 
fore simply  those  for  measuring  tinea, 

5.  (hutter's  Chain,  so  called  from  its  inventor,  is  generally 
used  for  this  purpose.  It  is  made  of  iron  or  steel  wire,  is  66 
feet  in  length,  and  divided  into  100  links,  so  that  each  link,  with 
half  the  rings  cx>imect{ag  it  with  the  adjoining  links,  is  seven 
and  ninety-two  hondredths  inches  (7.92) ,  or  one-bnndtedth  of  a 
chain.  Swivels  are  inserted  to  keep  it  from  twisting,  and  every 
tenth  link  has  a  metsllic  mark  attached,  so  that  the  number  of 
tens  bom  either  end  is  readily  ascertained.  Its  advantages  in 
surveying  farms  or  fields  are  apparent :  tbere  being  1810  square 
yards  in  an  acre,  and  the  chain  22  yards  long,  a  square  chain 
will  contain  one-tenth  of  an  acre ;  or,  there  being  10,000  square 
links  in  a  square  chain,  which  is  one-tenth  of  an  acre,  100,000 
square  links  are  equivalent  to  an  acre.  Hence,  if  the  area  of  a 
field  is  calculated  in  links,  the  area  ia  at  once  shown  in  acres, 
by  cutting  off  the  last  five  figures.  If  the  area  is  fonnd  in 
chains,  then  since  there  are  ten  square  chains  in  an  acre,  the 
area  is  given  in  acres  by  cutting  off  the  last  flgnre. 

6.  A  Two-Pole,  or  Eolf-Chain  is  sometimes  osed  instead  of 
Gunter's  Chain.  It  is  quite  convenient  for  measuring  lines 
where  the  ground  is  roogh  and  hilly. 
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4  PLANE  8UKVBYING. 

7.  TlLe  EngiiLeer'a  Chain  is  used  in  snrrejing  railroads  and 
canals,  and  generally  where  extensive  line  surveys  are  being 
coDdncted ;  hence  not  onfrequentiy  it  is  employed  in  connection 
with  these  surveys,  ae  well  as  otherwise,  in  determining  areas. 
It  is  100  feet  in  length,  and  is  divided  into  100  links,  every 
tenth  link  being  marked  by  a  piece  of  brass,  as  in  the  fonr-pole 
chain. 

8.  The  Tape  Keuare  is  very  convenient  for  taking  offsets 
in  a  survey,  for  measuring  the  bonndaries  of  city  lots,  cross- 
sectioning  in  railroad  work,  etc.  Tapes  are  "metallic,"  or 
steel,  and  made  of  various  lengths,"  —  50  feet  or  100  feet  are 
commonly  nsed, — and  divided  into  feet  and  inches,  or  feet  and 
tenths  of  a  foot.  The  latter  graduation  is  preferable  for  the 
railroad  engineer,  and  the  former  for  the  city  engineer. 

9.  Eleven  Karking^Fint,  12  or  14  inches  long,  one  of  whicli 
is  made  of  braes,  the  others  of  No.  4  iron  wire  or  No.  6  steel, 
all  pointed  at  one  end  and  formed  into  a  ring  at  the  other,  are 
used  in  chaining. 

10.  Straight  Poles  about  8  feet  long,  shod  at  the  bottom  with 
a  conical  shoe,  point  down,  and  painted  alternately  red  and 
white  in  foot-width  bands,  are  used  to  indicate  the  direction  of 
the  line  which  is  being  measured,  or  the  position  of  points  to  be 
located.t 


SECTION  n. 

A.     CHAININa. 

U.  Two  men  are  required,  a  "leader"  and  a  "follower,"  or 
head  and  hind  chainman.  The  chain  is  first  thrown  out  in  the 
general  directjon  of  the  line  which  it  is  desired  to  measure,  and 

*  Steel  tapes  1000  feet  in  length  have  been  frequentlj  used  for  ipecUl 
pnrpoiei.     See  Mine  Sarveying,  p.  380. 

t  See  Article  383. 
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«xamined  carefully  to  see  if  there  are  an;  kinks  in  it,  or  bends 
in  the  links;  the  leader  bavlog  the  marking-pins  in  one  liand 
takes  hold  of  the  forward  end  of  the  chain  with  the  other,  and 
moves  ou  oa  nearly  as  he  may  judge  in  the  direction  of  the  line ; 
the  follower  places  the  rear  end  of  the  chain  at  the  station 
whence  the  line  is  to  be  measured,  directs  the  leader  by  signals 
as  be  approaches  the  chain's  length  to  get  in  line,  and  then  calls, 
'"halt"  ;  then  the  chain  must  be  drawn  taut  and  straight,  and 
the  follower  having  his  end  of  the  chain  precisely  at  the  starting- 
point,  calls  out,  "down";  the  leader  then  thrusts  one  of  the 
iron  marking-pins  into  the  ground  exactly  at  the  end  of  the 
chain  and  calls  out,  "down,"  which  is  the  signal  to  the  follower 
to  advance :  proceeding  as  before  until  the  second  length  of 
chain  b  measured,  which  is  indicated  by  the  follower  coming  to 
the  pin  set  in  the  ground  by  the  leader,  when  the  follower  cries, 
"  halt,"  and  after  placing  bis  end  of  the  chain  at  the  pin,  the 
chain  having  been  drawn  taut  and  straight  as  before,  calls, 
"down"  ;  the  leader,  as  before,  leaving  a  pin  to  mark  the  end 
of  the  chain,  repeats,  "down"  ;  the  follower  then  takes  up  the 
pin  first  placed  by  the  leader,  and  moves  on ;  thus  the  party 
proceeds  until  the  end  of  the  line  is  reached,  the  leader  placing 
the'pins  at  his  end  of  the  chain,  and  the  follower  picking  them 
up  at  his  end. 

If  the  line  ends  with  leas  than  the  length  of  the  chain,  the 
leader  places  his  end  at  the  point  which  marks  the  extremity  of 
the  line,  calls  out,  "down";  the  follower  then  reads  off  the 
number  of  links  between  the  laet  pin  and  the  end  of  the  line. 
The  number  of  whole  chain's  length  of  the  line  is  shown  by  the 
pins  in  the  hands  of  the  follower,  and  the  number  of  links 
counted  o0  added  thereto  will  give  the  total  length  in  chains 
and  links. 

12.  Tally.  If  the  line  exceeds  eleven  chains  in  length,  a 
transfer  of  pins  from  the  hind  chainman  to  the  head  chaiuman 
is  necessary ;  this  is  called  tallying,  and  is  performed  in  the 
following  manner :    At  the  end  of  the  eleventh  chain,  the  braaa 
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I>iu  —  tbe  last  pio  left  in  the  haods  of  the  leader — is  placed, 
when  he  call  oat  "tall;";  at  this  aigati  the  follower  drape 
his  end  of  tbe  chain,  advances  to  tlie  leader,  ootuits  over  with 
him  the  ten  iron  pins  which  be  has  gathered  ap,  and  transfers 
them  to  tbe  leader,  who  then  withdraws  the  brass  pin,  sets  an 
iron  one  in  its  place,  and  the  measDring  is  contioned  as  before.* 
Each  tally  should  be  recorded,  especiaUy  when  chaining  very 
long  distances,  to  avoid  error  in  the  final  coant.f  It  is  obvious 
that  the  total  length  of  the  line  will  be  eqosl  to  tbe  chains  and 
links  as  indicated  above,  pins  the  number  of  tens  shown  by  tbe 
tallies. 

13.  The  anrveyor  sboald  guard  against  error  in  chaining,  b; 
frequently  testing  bis  chMn,  to  see  that-  it  is  of  the  proper 
length,  —  if  it  baa  been  sb^tcbed,  make  a  file  mark  showing  its 
true  length,  —  and  when  in  use,  see  that  it  is  drawn  straight, 
that  the  forward  cbainman  Bticks  the  pin  in  line  exactly  at  the 
end  of  the  ctiain,  or  at  the  mark  indicating  its  true  length,  and 
as  nearly  vertical  as  possible ;  X  and  when  obtaining  the  number 
of  links  at  the  end  of  tbe  line,  see  that  they  are  not  counted 

*  Some  ■orrej'ors  dm  011I7  tf  □  markiDg-pltu,  and  UII7  b;  marUiig  tlie 
end  of  tbe  eleTentJi  chun  with  a  pencil,  the  finger,  or  a  Kntch  on  the 
groond,  and  when  the  ten  pirn  are  truufeired  to  the  leader,  one  of  them 
it  thrust  in  the  place  tbiu  indicated,  and  tbe  work  is  continned  as  before. 

t  In  chaining  long  diitancei  where  there  are  tereral  tallies,  the  leader 
and  follower  may,  at  each  t&llf,  change  placei,  and  thereby  lessen  the 
liability  to  error  in  the  final  count.    See  Articles  352, 353. 

] "  It  has  been  f  onnd  by  many  trials  with  as  good  men  a<  can  generally 
be  obtained,  that  with  two  sets  of  chainmen  inatmcted  alike  in  the  proper 
manner  of  keeping  their  chain  level  and  straight  on  the  line,  and  of  setting 
tbe  tally  pint  plumb,  at  well  at  holding  the  ends  of  the  chain  to  them, 
a  difference  baa  sometimes  been  made  of  86  linki,  and  an  average  differ- 
mce  of  16  or  16  links  to  a  mile  in  common  timbered  land." — Burt,  "Oot- 
emment  Sorreying,"  p.'  35. 

The  surveyor  tboidd  have  laid  down  by  meana  of  a  standard  steel  tape 
or  otherwise,  in  a  convenient  place,  and  between  permanent  marks  in  the 
ground  or  on  the  Boor  of  a  large  ball,  the  exact  length  of  a  standard  chain 
by  which  he  could  test  his  chain  from  time  to  time. 
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ftom  the  wrong  end  of  the  chain,  nor  the  wrong  way  from  the 
brasB  mark. 

The  pall  on  the  ch&In,  when  in  aee,  baa  a  tendency  to  in- 
creaae  its  length ;  and  moreover,  Bince  tliere  are  &  great  number 
of  wearing  snrfhces,  if  each  of  these  be  worn  by  an  extremely 
small  amount,  tbe  chain  will  be  considerably  elongated. 

In  either  the  -snrreyor's  or  engineer's  chain  there  are  two 
small  links  which  connect  with  the  two  pieces  of  wire  which 
form  the  principal  part  of  what  is  called  the  link  of  the  chain, 
thus  giving  six  wearing  sarfaces  to  every  link;  therefore,  if 
each  of  these  surfaces  wears  only  .005  of  an  inch,  the  chain 
will  be  increased  in  length  thrw  inchea,  so  that  in  measuring 
only  a  quarter  of  a  mile  with  a  four<pole  cliun,  the  error  from 
this  cause  alone  wonld  be  flve  feet,'  making  an  error  in  area 
of  about  4.9  acres  in  a  bact  one  mile  sqnare.  This  stretching 
of  the  chain  is  partially  compensat«d  by  the  difficulty,  and 
often  impracticability,  of  drawing  the  chain  precisely  straight; 
and  so  long  as  the  chain  is  not  elongated  beyond  one-tenth 
or  one-twelfth  of  one  per  cent  of  its  length,  it  may  be  relied 
on  for  accurate  work.t 

The  true  length  of  a  line  which  has  been  measured  by  a  chain 
stretched  beyond  the  standard  length  may  be  found  from  the 
proportion : 

Tbe  length  of  standard  chain :  the  length  of  chain  used 
: :  the  distance  measured :  the  true  distance. 

*Thi«  error,  it  is  p«rceiT«d,  increosei  directly  with  the  nnniber  of  appti- 
CktioDi  of  the  chain:  \t  it  caWed'cunndatiBe.  The  error  ariaiiiK  from  erro- 
neotu  lettiag  of  the  pio  It  termed  compmiattct,  that  la,  it  i*  aa  Ukel;  to  be 
additive  u  subtractlTe,  and  it  ii  ahown  by  the  Method  of  Leaat  Squaret, 
that  for  thii  clau  of  erron  the  square  root  of  the  nnmber  of  errort  are 
probably  not  compeniated.  If  the  error  in  lettiug  ia  one  inch,  in  chaining 
a  mile  widi  a  Onnter'a  chain,  the  probable  error  wonld  be  Veo  =  about 
9incfaea. 

t  To  remoTe  the  difflcnlly  of  drawing  the  chain  perfectly  straight,  the 
■nitmctioni  iained  from  the  United  Stalea  Laud  Office,  1880,  to  Govern- 
cnent  Surveyon-General,  atatea  that  the  66  feet  chain  ranat  b«  06.06  feet. 
See  p.  SOI. 
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For  example,  if,  with  a  chain  stretched  one  Unk  over  the 
Btandard,  a  line  be  measured  for  2000  feet,  we  should  have 

100  :  101  =  2000 :  2020,  the  true  diBtaace. 

In  like  manner,  for  the  area  of  a  tract  measured  with  a 
sU'etched  chiun : 

The  sqaare  of  the  length  of  the  standard  chain 
:  the  square  of  the  length  of  the  chain  used 
: :  the  computed  area 
:  the  true  area. 

If  the  chain  was  stretched  one  link,  as  in  the  above  example, 
and  the  area  computed  therefrom  20  acres,  we  should  have 

100*:  101'  =  200  sq.  chs. :  204.02  eq.  chs.  for  the  true  area 
=  iM  ^'^  the  computed  area,  nearly. 

In  general,  if  ^  =  true  area,  Ai  =  computed  area,  X  =  lengtli 
of  chain,  and  dL  =  error  in  its  length  (always  small).  Then 
AiA,  =  {L±dLy:L*. 

Reducing  and  rejecting  cP  as  inconsiderable,  there  results 
.il  =  (l±2d)^i;  or,  the  correction  to  be  applied  to  obtain  the 
true  &Kn  =  2dAi. 

This  correction  is  additive  when  the  chain  is  too  long,  which 
is  the  usual  case,  and  eubtractive  when  the  chain  is  too  short. 

14.  The  surfaces  to  be  measured  are  in  general  uneven  and 
broken,  not  plane ;  but  however  great  the  inequalities,  the  area 
of  a  tract  is  considered  to  be  that  pait  of  the  horizontal  plane 
which  is  intercepted  by  vertical  planes  through  its  boundaries.* 
The  horizontal  distance  is  therefore  required ;  hence,  when  the 

*  A  vertical  line  ii  a  line  directed  to  the  centre  of  the  euth,  ar  it  is  a 
line  IiaTing  a  plummet  freely  suspended  to  it,  and  at  a  tttte  of  rest ;  a 
plumb  line. 

A  vertical  plane  it  a  plane  embracing  a  vertical  line. 

A  horizontal  line  is  a  line  perpendicular  to  a  Tertical  line. 

A  liorizDntBl  plane  ii  a  plane  peipendicular  to  a  vertical  line. 
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ground  slopes,  it  is  necessary  to  ruse  the  down-biU  end  of  ttie 
chain.  If  tbe  slope  is  considerable,  only  a  part  of  the  chain 
should  be  naed.  For  example,  to  measure  from  L  down  to  if, 
the  follower  holds  one  end  of  the  chain  at  L,  while  the  leader, 
stretching  the  other  towards  N,  takes  as  much  of  it  as  he  can 
raise  to  a  horizontal  position  &,  and,  holding  a  plummet  there, 
fixes  the  point  c ;  the  follower,  who  is  now  signalled  to  come  for- 
ward, placea  at  c  that  point  in  the  chain  whence  the  plummet 
was  suspended  to  fix  c,  while  the  leader  advances  and,  using 
aa  much  of  the  chain  as  possible,  locates  e,  and  so  on :  when 
the  end  of  the  chain  is  reached,  a  pin  should  be  transferred 


from  the  leader  to  the  follower.  Where  great  accuracy  is  not 
.required,  a  marking-pin  or  pebble  may  be  dropped  to  indicate 
the  points  c,  e,  etc.*  To  measure  up  bill  from  ^to  L  is  less 
accurate,  on  account  of  the  difficulty  experienced  by  the  fol- 
lower in  holding  his  end  of  the  chain  at  the  points  h,  /,  d,  etc., 
over  their  counterpartSf  i,  g,  e,  etc. 

When  chaining  steep  hills,  espemally  if  through  a  wood  or 
over  rough,  rocky  ground,  the  work  may  be  greatly  facilitated 
by  an  extra  chainman.  He  may  assist  in  getting  line,  straighten- 
ing the  chain,  notJug  the  points  c,  e,  eto.,  marked  by  the  plumb 
bob,  and  other  duties. t 

*  If  tn  cannectioi)  with  the  cbaiD  a  lurrej  ii  being  made  with  an 
initrnment  for  mesiuring  uigles,  —  Tertical  and  horizontal,  —  the  inclina- 
tion of  n  slope  ma;  be  obierred,  and  the  length  of  It  meaiured;  then 
the  horizuotal  diitance  required  will  be  eqnal  to  the  measured  distance 
multiplied  b;  the  natural  coiine  of  the  angle  of  inclinatioD. 

f  For  extreme  accnracj  in  meaiaring  line»,  iee  Chapter  vii.  Article 
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1.  Set  two  marks  on  gentl;  nndnlatiDg  gronod  sod  about 
1000  feet  apart,  and  meaanre  forward  and  back  between  theae 
points  several  times ;  the  same  party  once  at  least  eacb  way. 

2.  The  same  between  points  on  hilly  and,  if  poaaible,  bush 
land. 

3.  Chain  down  a  steep  hill,  and  chain  np  betwe«i  the  aame 
points. 

a  BAHamo  otjr  ijnbs. 

15.  If  in  chaining  any  line,  as  LN,  from  L  toward  If,  a  rod 
at  ^  can  be  constantly  seen  by  the  rear  chainman,  he  can  keep 

the  leader  in  line  by  ranging  him  with 
X N  the  flagstaff  at  N',    If,  however,  a 

hill  intervenes,  a  valley,  or  brosh  or 
woodland  ioterferting  with  the  alignment,  then  the  tine  mnst  be 
first  rajiged  out  or  points  determined  in  it  before  the  chuuing 
can  be  performed. 

16.  Ttaigii'g  oat  a  Line.  To  range  oat  a  line  requires  three 
persons,  each  having  a  rod  eight  or  ten  feet  long,  and  a  plum- 
met to  indicate  when  his  rod  is  vertical.  Calling  these  men 
A,  B,  and  C,  and  supposing  'A  and  B  in  the  line,  <7  goes  for- 
ward, and  sighting  back  to  A  and  B,  puts  bis  tod  in  line ;  A 
then  advances  beyond  C  aud  sets  his  rod  in  line  with  0  and  S ; 
next  B  advances  and  places  hia  rod  in  line  with  C  and  A,  and 
BO  on  the  line  may  be  extended  any  desired  length.  If,  as 
frequently  is  the  case,  one  of  the  party  has  bad  more  experi- 
ence or  is  naturally  better  qualified  for  sighting  a  line,  the  best 
results  would  be  obtained  by  such  an  one  setdng  all  the  rods ; 
for  example,  C  would  place  his  rod  in  line,  then  call  up  A,  to 
whom  he  would  turn  over  the  tod  just  set,  and  go  forward  to 
line  the  next ;  after  which  call  up  B,  exchange  rods  with  him, 
and  BO  on. 
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17.  Or«r  a  Hill.  To  fix  poicts  in  a  line  oyer  a  hill,  both 
eods  of  which  are  risible  from  points  near  the  Bunmut,  proceed 
as  fdlowB ; 


Place  a  flagstaff  at  X,  another  at  2f.  A  man  at  £*  signals 
one  at  D'  in  line  witb  L ;  D'  then  ctirecta  E'  to  E"  in  line  with 
N;  and  ao  on  alteraatel;,  until  the  men  ai«  at  i>  and  £  in  the 
UneX^. 

IS.  AoroM  a  Talley.  To  locate  points  in  a  line,  the  ends 
of  which  ma;  be  seen  from  each  other,  but  which  are  separated 
b;  a  wide,  deep  valle;. 


Fix  a  point  O  in  line  with  LN;  then  a  man  hddbg  a  plumb 
line  at  O,  and  sighting  N  can  direct  the  setting  of  the  stakea 
J>,  E,  F,  and  others. 
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19.  Through  a  Wood.  In  chaJDing  throngh  a  wood  or  ttdck 
brash  land,  where  the  enda  cannot  be  seen  from  each  other,  a 
line  *  ia  measured  as  nearly  as  may  be  in  the  direction  of  the 
desired  line,  and  stakes  driven  every  two  or  three  chains,  or 
oftener  if  necessary.  When  the  end  of  the  line  is  reached,  the 
distance  to  the  comer  b  measured,  and,  by  proportion,  the 
amount  to  move  each  stake  to  bring  it  into  line  is  determiaed. 


For  example,  let  LS  be  tbe  true  line,  and  L2^  the  measured 
line ;  c,  d,  e,  etc.,  points  three  chains  apart.  Now,  if  the  lengtlt 
LN^  equals  17.40  cbaine,  and  NN^  measured  at  right  angles  to 
LJV  =  35  links,  LN^  will  equal 


and  ZJr'(1740  links)  iNA-'iZ^  links) 

=  Lg   (1500  links)  :£r(?    (30  links)  ; 
or  30  links  from  g  at  right  angles  to  LN'  will  indicate  tfae  posi- 
tion of  O,  a  point  in  the  true  line  LN". 

X740 :  35  =  1200 :  24,  the  distance /F, 
1740:35=   900 :  18,  the  distance  e£r ; 
and  so  on. 

Or,  after  finding  tbe  first  distance  to  set  oS,  either  g&  or  cC, 
the  others  are  readily  obtained  by  taking  a  proportional  part 
of  this  distance,  shown  by  the  several  divisions  of  the  line  thus : 
gG  represents  the  fifth  division,  fF  the  fourth,  eE  tbe  third, 
and  so  on;  hence,  it  gGiaSO  links, ^  will  be  ^  of  30,  or  24, 

*  Called  a  random  liae  or  trial  line. 

t  If  the  diitance  JV.V  is  a  email  per  cent  of  the  total  length  of  the  Uae, 
the  ihorteit  distance  between  the  enda  of  the  linei  may  be  taken  for  NN', 
and  tbe  leagtb  of  the  meatored  line  for  that  of  tbe  tnie  line.    See  Article 

177. 
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Hnka ;  e£,  |  of  80,  or  18 ;  dD,  \  of  30,  or  12 ;  and  cC,  \  of 
SO,  or  6  lioka. 

EXERCISES. 

1.  Let  each  stndent  range  out  a.  line  of  several  hundred  feet. 
Betting  all  the  poles  forward,  and  back  again  to  the  starting- 
point,  and  OD  different  kinds  of  gnnrnd,  nndnlatlDg,  hilly,  and 
bnshy. 

2.  Heaenre  a  line  through  a  wood  or  where  the  ends  are  not 
visible  from  each  other.  Set  stakes,  as  indicated  In  Article  19, 
in  the  true  line  200  feet  apart.  See  how  near  these  stakes  are 
placed  in  line  by  ranging. 

O,   eSPnSQ  OFF  pbbpbhdioui.abs. 

20.  To  erect  a  perpendiculaT  at  a  given  point  in  a  tine. 

Let  MN  be  the  given  line,  and  P  the  point  at  which  it  is 
desired  to  erect  a  perpen-  ^ 

dicular.  Since  a  triangle 
formed  of  the  sides  3,  4,  and 
5,  or  any  multiple  of  these, 
will  contain  a  right  angle, 
we  may  take  parts  of  a  chain 
repreaenting  these  distances  1 
or  multiples,  having  the  an- 
gle made  by  the  shorter  sides  at  P,  and  set  off  a  perpendicular 
to  a  given  line,  thus :  Fasten  one  end  of  the  chain  at  K,  30 
links  from  P,  the  end  of  {be  ninetieth  link  at  P;  then  when 
both  parts  of  the  chain  are  drawn  straight  by  a  pull  at  the 
fiftieth  link,  the  end  of  that  link  will  indicate  the  point  0  which 
if  connected  with  P  will  give  the  perpendicular  required. 

21.  If  the.  perpendicular  is  to  be  of  considerable  leriglk,  then 
a  greater  length  than  PO  =  40  links  should  be  used,  and  the 
following  method  wonld  be  better;  Fasten  one  end  of  the  chain 
at  P,  and  with  the  eightieth  link  describe  an  ore  be ;  measure 
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PK=  60  linkB,  and  with  iT  as  a  centra,  and  with  a  radios  s  100 
links,  the  whole  kngtii  of  the  chain,  describe  another  arc  de; 
the  intersection  of  these  arcs  will  give  the  point  0  required. 

22.  Another  Method.  With  the  whole  length  of  the  diain  as 
a  radius,  and  P  as  a  centre,  describe  an  arc  a6 ;  locate  K  a 
chain  ttoia  P,  and  with  the  same  radius,  and  with  a  centre  JT, 


describe  an  arc  cd  cutting  ab  in  Q;  extend  KQ  to  0,  so  that 
OQ  =  QK,  then  will  OP  be  the  perpendicniar  to  the  line  Mm' 
at  the  point  P.     Why? 

23-    To  let  drop  a  perpendicular  on  a  line  from  a  given  point 
without  the  U  m. 


P 

P' 

/ 

^ 

BV...            C 

..'-'K 

S 

¥ 

first,  When  the  point  is  accessible. 

Let  Misrepresent  the  line,  and  P  the  point.     With  a  length 
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of  chaiD  somewhat  greater  than  PO,  describe  an  arc  cutting 
MN  in  the  points  B  and  K.  With  centres  B  and  JT,  and  any 
radius  greater  than  the  half  of  BK,  describe  arcs  int«rseGting 
in  -Q.  A  line  drawn  from  P  to  0  in  the  direction  of  Q  will  be 
the  perpendicular  required. 

If  the  point  is  at  jP*  at  or  nearly  opposite  one  end  of  the  line, 
extend  the  line  if  it  be  possible  to  N'  untU  a  sufficient  distance 
is  obtained  to  describe  the  arcs  required. 

24.  Or  if  it  is  impracticable  to  prolong  the  line,  as  in  the 
figure,  where  a  pond  of  water  prevents,  proceed  as  follows : 


Extend  the  chain  or  any  conreuieot  portion  of  it  from  P  to 
any  point  B  in  the  line  NO.  Fix  the  middle  point  of  BP,  a» 
3f,  and  with  this  as  a  centre,  and  a  radius  MP,  or  its  equal  MB, 
describe  an  arc  catting  the  given  line  in  0.  Join  PO  for  the 
perpendicular  required." 

25-   Second,  When  the  point  ia  ittacceaaiMe. 

Let  P  be  the  given  point,  and  LN  the  line.  At  any  conven- 
ient point  Q  in  the  line  L2f  erect  the  perpendiculars  QO  and 
QB  of  equal  length.  Locate  Kin  the  line  PO  and  T  in  the 
line  BP;  then  if  a  point  S  be  found  at  the  intersection  of  the 


*  The  angle  BOP  i»  meatored  bj  one-half  a  si 
thNefore  •  right  angle. 


)i-c)rcnmference,  and  i« 
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proloDgation  VR  and  OT,  and  a  poiot  Jf  be  located  in  Z^aod 
SF,  a  line  joining  M  and  P  will  be  tbe  perpendicnlar  aought. 
Why? 


26.  Optical  Sqoare.  To  set  off  perpendiculars  from  a 
line,  an  instrument  called  the  optical  square  may  be  ased.  It 
is  a  small  cylindrical  box  containing  a  mirror,  from  ttie  upper 
half  of  which  the  silvering  is  removed.  The  glass  is  placed  so 
as  to  make  half  a  right  angle  with  the  line  of  eight,  hence  two 
objects  seen  in  it,  the  one  by  direct  vision,  and  the  other  b; 
reflection,  subtend  at  the  point  of  observation  a  right  angle. 

Or  the  surveyor's  cross,  which  is  simply  two  pairs  of  sights 
set  at  right  angles  to  each  other,  and  supported  upon  a  staff.' 

D.    RUmnNO  PAHALLBLB. 

27.  Through  a  given  point  to  run  a  paraliel  to  a  given  line, 
the  point  and  line  both  being  acceasMe. 

*  While  these  imtramenli  mmy  be  employed  in  chain  snrveTing, 
Deither  of  them  ii  osed  in  the  Drdlnarj'  pmctice  of  a  surrejor,  a*  perpen- 
dkulsra  an  expeditioudy  aet  off  by  meani  of  the  compau  or  tranmt. 


)v  Google 


BUMNINO  PABALLBLS.  17 

Let  LN  represent  the  line,  and  P  the  point.     Let  drop  a 
perpendicolar  PO,  and  at  some  other  point  K;  erect  a  perpen- 


dicular KR  =  PO.    A  line  drawn  throogh  P  and  R  will  be  the 
parallel  required. 

28.    Olherviiae.    From  an;  point  0  in  LN  run  an  obliqne 
line  to  the  point  P.    Through  an;  point  R  in  PO  n 


line  JlfQ,  ao  that  ^^=~^^^-    ^  ^^  passing  through 
PQ  will  be  the  parallel  required. 

Xf  R  be  taketi  at  the  middle  point  of  OP,  and  QR  be  made 
equal  to  MR,  the  direction  of  the  parallel  PQ  would  be  shown 
at  once. 

B.    OBSTAOLBS  TO  AUONISSNT. 

29.  To  prolong  a  line  vshen  an  obatade,  as  a  tree  or  bt^idinffy 
prevents  direct  sighting,  we  ma;  proceed  as  follows : 


Bg  Perpendicular 8.     Let  L2f  be  the  line  which  it  is  desired 
to  prolong  past  a  building  B.    At  two  points  0  and  A*  in  the 
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line,  set  off  eqaal  perpendiculars  NT  and  03f,  of  sach  length 
that  a  line  MP  through  these  ma;  be  extended  past  the 
obetacle  to  some  point  S.  At  R  and  S  set  off  perpendiculars 
to  X  and  T,  of  the  same  length  as  before,  at  0  and  y,  and  Join 
XT;  it  wiU  be  the  prolongatioo  of  LN. 

30.  Otherwise :  by  Equilateral  Triangles.  On  LN,  the  line 
to  be  prolonged,  take  a  distance  ON  as  a  base,  and  constmct 
on  it  an  equilateral  triangle  NOP;  extend  the  side  OP  to  some 


point  Q.  Describe  an  equilateral  triangle  QRS,  and  proloi^ 
the  side  QR  to  F,  making  QT=  QO ;  finally  the  coustniction 
of  the  equilateral  triangle  VXT  will  give  XY  the  direction 
sought. 

P.    OBSTAOIJiS   TO    UHASUBBUENT. 

31.  a.  When  Both  Ssda  of  tbe  Line  sre  Acoeuible. 

Bif  Perpendiculars.  For  example,  if  it  is  desired  to  meaanre 
one  side  of  a  field  or  farm  where  a  fence,  hedge,  or  bushes 
prevent  chaining  on  the  line,  set  off  perpeDdicularB,  and  measure 
the  parallel  line. 

Let  /.^represent  a  line  which,  on  account  of  fence  and  brush, 
it  is  impracticable  to  make  the  measurement  exactly  on  the  line- 
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'*.» V*-^*  aR «S.».ggV, 


5;^^*^ 


Erect  at  h  and  N  perpendicalara  lA  and  Nn,  of  eqa&l  and  stiffl- 
cient  length  so  that  a  line  connecting  I  and  n  will  clear  the 
obstruction.  Measure  fn ;  it  will  be  the  length  of  the  required 
line. 

32.  h.  Wlieu  One  &id  is  Inaocemble 

By  Symmetricai  Triangles.  Suppose  LP  the  line  P  the 
inaccessible  end,  visible,  but  on  the  opposite  bank  of  a  nver 
Measure  from  any 
point  ^near  the  river, 
in  a  direction  divei^- 
ing  from  its  bank  to  ^ 
Ji,  making  m=JR. 
Through  any  other 
point  3f,  in  the  line 
LN,  measure  through 
/  to  if,  80  MI^  IK. 
If  now  a  point  0  be  ' 

found  in  the  prolonga-  .■- " 

tion   of   BK,  and  in        "  R  K 

line  with  /  and  P,  BO  may  be  measured  and  taken  for  their 
distance  NP.* 

33-    Otherwise.     Measure  from  the  line  the   perpendicular 
LP',   erect  at  P  a   perpendicular  to 
PN,  and  extend  it  to  a  point  M  in  the  _^ 
prolongation  of  LN.     Measure  LM 
then  the  proportion 

ML;LPr=LP:LN 
PV 
'ML 


givea 


LN= 


•  The  itQdent  will  ihow  thai  ROl  and  NIP  si 
ftad  NP  snd  RO  are  homolflgi>us. 


'  ■ymmetrical  trianglM, 
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34.  c.    Whan  Both  Ends  are  Inacoeiaibla. 

By  Symmetrical  Triangles.  L«t  X^  be  the  line,  the  length  of 
which  it  is  required  to  determiae.  Take  any  point  P,  meaeure 
PO  and  PM,  and  find  by  one  of  the  preceding  methoda  OL^ 


MN,  and  hence,  the  total  length  of  PL  and  PN.  Now  take 
points  R  and  ^  in  the  lines  PL  and  PN  respectively,  so  that 
PB  '■  PQ  B  PL :  Pif,  and  measure  SQ ;  then  the  required  line 
JjN  may  be  calculated  by  the  proportion  PQ :  P2f=  BQ :  LN. 


a.    MBASURBMBNT  OP  HBIOHXa 

35.  To  measure  the  height  of  a  tree  or  a  flag-staff.  Let  BC 
lepresent  the  height  required.  At  a  point  D  set  up  a  staff  of 
a  known  height  so  that,  with  the  eye  at  A, 
C  and  E  will  be  in  line  of  sight ;  measure 
AD  and  DB;  then  the  similar  triangles 
ADE  and  ABC  give  the  proportion 
AD:DE=AB:BC. 


Whence 


BC  = 


DEy(.A£ 
AD 
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'  1 .  If  tlie  beigbt  of  a  staff  is  4  feet,  and  the  distance  from  it 
to  a  tree  •*  80  feet,  AD  being  4^  feet,  what  ia  the  height  of 
the  tree?  Ana.  77||  feet. 

QuEBiES.  If  the  height  of  the  staff  is  equal  to  AJ),  the 
length  of  neither  being  known,  simply  the  distance  AB  given, 
could  the  height  of  the  tree  be  ascertained?   ^ ' '' 

If  the  ratio  of  the  height  of  the  staff  to  AD  is  known,  bat 
not  the  absolute  length,  could  the  required  height  be  found  by 
simply  measuring  AB  ?     ' '  ■ 

Is  this  method  applicable  on  other  than  horizontal  ground? 

2.  A  liber^  pole,  whose  height  was  90  feet,  standing  on  a 
horizontal  plane,  was  broken  off,  and  the  extremity  of  the  top 
struck  the  ground  28  feet  from  the  bottom  of  the  pole.  Re- 
quired the  length  of  the  broken  part   //  /  -.',,  /.' "" 

EXERCISES. 

I.  Set  a  stake  40  feet  perpendicularly  distant  from  a  given 
point  in  a  given  line. 

'   2.  Tbroagh  a  given  point  50  feet  from  a  given  line  run  a 
parallel  120  feet  in  length. 
^    3.  Prolong  a  line  beyond  a  house  or  other  obstacle. 

4.  Measure  the  width  of  a  stream  or  pond  without  crossing  it. 
'  5.  Rnn  a  line  to  the  bank  of  a  stream  or  lake,  and  let  fall  a 
perpendicular  on  the  tine  near  its  extremity  ttom  a  given  point 
without  it. 

6.   Measure  the  height  of  a  tree,  flagstaff,  or  church  spire. 
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SECTION   III. 
BBOOBDINa  THB  FIBIJ)  NOTBS. 

36.  The  Pield  Notes  shonld  be  kept  in  a  ueat,  concise,  and 
intelligible  maDuer,  exhibiting  a  complete  record  of  tUe  worlc 
done,  and  the  method  of  doing  it,  00  that  a  Burrejor  nnao 
qnainted  with  the  work,  and  having  the  record  before  him, 

-conld  make  a  plot  of  the  tract,  or  go  on  the  field  and  readily 
aecertain  the  position  of  any  point  indicated  in  the  notes. 

Either  of  two  methods  may  be  employed,  or  a  combinatioD 
of  them. 

37.  Sketoli.  One  is  to  make  a  sketch  of  the  tract  as  the 
survey  progresses,  writing  the  length  of  each  line  aod  indicating 
the  intersection  of  fences,  roads,  streams,  etc.,  as  shown  below. 


For  surveying  a  field  or  small  tract  of  land,  this  is  a  good 
method,  but  if  the  tract  is  lai^e,  many  sided,  and  numerous 
points  to  he  noted  la  and  near  the  side-lines  and  diagonals,  it 
would  be  difficult  if  not  impossible  to  decipher  the  sketch  on  a 
page  of  the  ordinary  field-book,  and  to  make  an  intelligible 
record  of  the  work  would  require  a  book  or  sheet  inconveniently 
]aige  to  carry  about  the  field. 
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38,  Colnmni.  A  metbod  which  will  answer  u  well  for  com* 
ptex  ae  foi'  simple  surveys  coneiste  iu  drawing  two  parallel  lines, 
about  an  inch  apart,  extending  IVoni  top  to  bottom  of  the  note- 
book, and  near  the  middle  of  the  left-hand  page.  Between  the 
lines  the  distances  and  stations  are  to  be  recorded,  commeiiciog 
at  the  bottom  of  the  page  and  proceeding  upwards.  Roads, 
fences,  streams,  etc.,  should  be  represented  on  either  or  both 
sides  of  the  column  as  they  naturally  appear.  The  record  of 
tiie  measurements  on  any  line  being  referred  to  the  beginning 
of  the  line. 

The  right-haod  page  maybe  used  for  sketching  any  part  of 
the  survey  to  farther  elucidate,  where  necessary,  the  work  done. 

A  station  is  indicated  by  a  triangle  (A)  or  a  circle  (Q).  If  the 
station  is  at  the  end  of  a  line  it  is  usual  to  name  it  by  the  letter 
or  number,  designating  that  corner  as  station  A  or  station  1,  and 
the  line  extending  from  ^  to  B  is  called  the  line  AB,  fiom  4  to 
a,  the  line  4,  5 ;  or  a  line  may  be  designated 
by  its  length ;  a  line  that  is  3  chains  and 
£2  links  long  would  be  referred  to  as  the 
line  352. 

A  false  station  is  a  point  in  a  line 
whence  other  measurements  are  to  be  made 
either  to  the  right  or  left,  and  are  desig- 
nated by  enclosing  in  a  curve  its  distance 
from  the  end  of  the  measured  line,  or  by 
wilting  F.  S.  opposite  that  distance,  as 
per  ma^iu,  which  shows  that  there  is  a 
false  station  at  a  distance  of  8.62  chains 
trom  A  on  the  line  AB. 

A  fence,  brook,  road,  etc.,  intersecting 
the  measured  line,  should  be  drawn  so  as 
to  indicate,  as  nearly  as  possible,  its  inclination  thereto,  but  not 
as  a  continuous  line :  the  ends  on  each  side  being  directly 
opposite,  as  at  4.58  and  5.26,  so  that  if  the  vertical  column 
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vere  to  vanish  by  the  two  lines  MN  and  OP  coinciding,  the 
fence  or  creek  would  be  shown  aa  continuous. 

When  the  record  of  a  line,  as 
MN,  is  complete,  and  the  meas- 
nrement  is  continued  from  If,  a, 
horizontal  line  is  drawn  acrosB  the 
column  as  shown  in  the  figure. 
But  if  the  survey  closes  at  the 
end  of  a  line,  as  at  0,  or  if  for 
any  reason  the  work  is  to  proceed 
from  some  other  point,  tteo  lines 
are  drawn  across  the  column. 

A  mark  (K)  or  (T)  placed  at 
the  beginning  of  a  line  indicates 
by  shape,  as  well  as  position, 
that  the  line  along  which  it  stands 
bears  to  the  right  of  the  pre- 
ceding; the  reverse  position  of 
the  angle  (1  or  1)  indicates  a  turn 
to  the  left. 

Id  the  figure,  MN  bears  to  the 
right  of  KM,  and  NO  to  the  left 
olMN. 
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Tbe  record  of  the  survey  sketched  ia  Article  87  would  be 
represented  by  the  column  method  as  follows : 


A 
8.2B 

E 

p 

E 

9.00 

D 

p 

i 

D 

18.00 

C 

r 

C 

^ 

B.TS 
B 

7^ 

B 

12.M 

i  — 

e.oo 

:=i. 

A 

D 

',  s 

mso 

A 

i 

A 

1B.00 

C 
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SECTION   IV. 

MAPpma-AND  PLorrma. 


39.  A  Map  of  a  aurvey  is  a  correct  representation  or  copy 
of  the  tract  surveyed,  exhibiting  not  only  its  boundaries,  roads, 
Btreama,  etc.,  in  relative  dimeDsions  and  positions,  bat  also  the 
irregularities  and  appearances  of  its  surface. 

A  Plot  (or  Plat)  is  an  outiine  map,  in  which,  in  general,  only 
the  boundaries,  roads,  streams,  and  important  lines  are  delin- 
eated, but  no  attempt  is  made  to  indicate  the  topography  of  the 
tract.  The  surveyor  usually  makes  a  plot  of  a  field  or  farm 
survey.    The  civil  engineer  makes  a  map  of  a  proposed  raihoad. 

Imstruhbnts  Useful  for  making)  a  Plot  of  a  Chain  Sobtet. 

40.  Drawing-Board,  T-Square,  Triangles,  Dividers,  Scale, 
Drawing  Pen  and  Pencil.* 

A  Drawing-Board  is  a  rectangular,  smooth  board  to  which 
the  paper  that  is  to  contain  the  drawing  is  fastened.  There 
arc  two  patterns :  one  consists  of  a  frame  of  walnut,  or  other 
hard  wood,  with  a  detachable  centre  of  soft  white  pine.  The 
paper,  which  should  be  somewhat  larger  than  the  detachable 
centre,  t>eing  moistened  and  laid  on  it,  becomes  well  stretched 
when  the  parte  of  the  board  are  bnttoned  t<^ther  and  the 
paper  dries.  The  other  is  simply  a  rectangular  white  pine 
board  made  of  several  pieces  of  wood  laid  in  different  direc- 
tions to  prevent  warping.  Both  patterns  are  made  of  various 
dimensions. 

41-  A  T-Sqnare,  as  its  name  indicates,  is  a  square  or  ruler 
with  a  cross-piece  or  head  at  one  end,  giving  it  the  appearance 
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of  ft  letter  T.  There  axe  two  p^terns  of  tbeee,  ooe  with  a  head 
fixed  at  tight  angleB  to  the  ruler  or  btiide;  the  other,  in  addition 
to  the  permanent  head,  has  another  head  attached  to  it  with  a 
clamp  screw,  so  that  by  properly  Betting  the  movable  head,  lines 
of  any  desired  inclination  may  be  drawn.  The  blade,  being  long 
and  thin,  should  be  tested  occaaionally  by  means  of  a  metallic 
straight  edge  or  another  T-square  to  see  whether  or  not  it  is 
perfectly  straight.  The  correctnees  of  the  angles  should  also 
be  tested ;  this  may  be  done  as  indicated  in  the  next  article. 

42.  Triangle!  are  made  oF  hard  wood,  rubber,  or  metal,  and 
are  either  solid  or  have  an  open  centre.  The  angles  are  usually 
30,  60,  and  90  degrees,  or  45,  45,  and  90  degrees,  and  the 
longest  side  rarely  e:<ceede  12  inches. 

The  T-square  and  triangles  are  frequently  employed  together 
to  draw  parallels,  perpendiculars,  and  many  of  the  oblique  lines 
of  a  plot.* 

The  sides  of  triangles  should  be  tested  occasionally,  to  see  if 
they  are  straight,  by  placing  them  against  the  edge  of  a  metallic 
straight  edge. 

The  right  angle  may  be  tested  by  placing  one  of  its  sides 
against  a  straight  edge ;  mark  the  direction  of  the  other 
side,  reverse  the  triangle,  but  bring  the  same  side  against  the 
straight  edge,  and  having  the  right  angle  at  the  same  point  as 
before,  mark  the  side  agftin.  If  the  two  marks  coincide,  the 
angle  is  right ;  otiierwise,  it  is  not. 

When  correct,  the  right  angle  of  the  triangle  may  be  used  to 
test  the  correctness  of  the  right  angle  of  the  T-square. 

43.  Sividsrs  (or  Compasses)  are  made  of  different  sizes  and 
numerous  appendages.  The  surveyor  will  need  at  least  one 
with  a  detachable  leg,  so  that  another  leg,  carrying  a  pen  or 

*  The  ranlti  are  tolerably  accurate  within  the  limits  usually  required 
in  a  fann  turvey.  It  may  be  well,  howeTer,  to  caution  the  stadeat  not  to 
relj  too  mnch  npon  the  accnncy  of  a  point  located  by  meani  of  sod  near 
the  estremitj  of  a  thirty-inch  T-«quare. 
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pencil  point,  m&y  be  inserted  when  neceaear;.  These,  it  need 
hardly  be  said,  are  used  for  laying  off  lines,  describing  arcs, 
circles,  etc. 

44.  I«itd-FeiioU.  Fine  quality,  hard,  used  in  outlining  the 
work;  and  a  Draioing-Pen,  medium  size,  for  inking  in  the 
drawing. 

45.  Scales  are  made  of  box-wood,  metal,  ivory,  or  paper, 
and  are  of  varions  kinds.  Triangular  and  diagonai  are  gener- 
ally used  for  plotting  chain  surveys.  Tlie  triaiignlar  scale  for 
engineers  and  surveyors  is  usually  12  inches  long,  and  made  of 
good  box-wood,  each  of  the  six  bevelled  faces  being  graduated 
with  a  single  scale,  viz. :  one  face  contains  10  divisions  to  the 
inch,  one  20,  another  30,  another  40,  one  50,  and  one  60  divis- 
ions ;  and  generally  one  inch  on  each  face  is  subdivided  so 
that  an  extremely  small  fraction  of  an  inch  may  be  set  off  or 
read.  This  is  a  very  convenient  scale ;  not  only  can  very  small 
divisionB  be  readily  transferred  from  it  to  a  drawing,  but  by 
simply  placing  the  instrument  properly  on  a  line  of  a  drawing, 
the  scale  of  which  ia  known,  its  length  may  be  directly  deter- 
mined. 

Tlie  Diagonal  Scale  is  usually  six  inches  long,  tfain  and  flat, 
divided  transversely  into  6  equal  parts  of  one  inch  each,  and 
longitudinally  into  ten  equal  parts.  At  one  end,  as  AD,  one 
inch  is  divided  by  10  oblique  lines,  as  8  tr,  6  n,  etc.,  into  10 
equal  parts  and  numbered  as  shown  in  the  figure. 


Now  Fs  being  .1,  the  next  division  between  the  perpendicnlar 
FE  and  the  obliqne  line  sE  is  .09,  the  next  .OS,  and  the  last 
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diTisioD,  or  one  Dearest  F,  is  .01.  Hence  the  scale  ma;  be 
used  to  measure  .01  of  an  inoh,  or  one  hundredth  of  an;  divis- 
ion talieD  as  the  unit.  For  example,  to  lay  oS  8.4,  place 
one  foot  of  the  dividers  at  3  on  the  iine  EG  and  extend  the 
other  foot  to  4  between  DB.  To  lay  off  3.42,  place  one  foot 
at  the  intersection  of  3,  3,  and  2,  2,  and  the  other  on  the  same 
line  2,  2,  at  its  intersection  with  4  p. 

The  diagonal  scale  usually  found  with  a  box  of  drawing  in- 
atmments  contains  various  gratlaatioDS.  The  simplest  are 
divided  to  inches,  and  halves,  quarters,  tenths,  and  twelfths 
of  an  inch;  each  quarter  and  half  subdivided  diagonally  into 
tenths,  so  that  a  tenth  of  a  quarter  can  be  taken  off  at  once ; 
and  even  tentiis  of  these  are  indicated  on  the  scale  —  besides 
other  divisions  of  more  or  less  ntility. 

Paper  scales  are  frequently  employed,  and  regarding  hygro- 
metric  changes  are  better  than  the  others,  for  the  scale  and  the 
paper  conteining  the  drawing  expand  and  contract  more  nearly 
alike.  Generally,  however,  they  are  not  divided  with  the  same 
degree  of  accuracy. 

46.  Drawinf;  to  a  Scale  consista  in  drawing  lines  whose 
length  sliall  be  some  fraction  of  the  length  of  the  line  measured. 
Suppose,  for  example,  a  line  is  13  chains  long,  and  it  is  desired 
to  draw  it  to  a  scale  of  5  chains  to  an  inch ;  then  2^  inches 
will  evidently  be  the  distance  to  transfer  from  the  scale  to  the 
paper  to  represent  the  length  of  the  line. 

A  line  10  chains  and  50  links  in  length  drawn  to  a  scale  of  3 
chains  to  an  inch  will  be  represented  by  a  line  3^  inches  long, 
and  so  on.  The  length  of  the  line  dividetl  by  the  number  of 
unite  —  chains,  yards,  feet,  ete.  —  to  the  inch,  always  giving 
the  distance  to  be  taken  off  the  scale.  Obviously  the  converse 
of  this  is  true ;  that  is,  the  real  length  of  a  line  may  be  ascer- 
tained when  the  scale  is  known,  by  multiplying  the  units  in  the 
length  of  the  line  in  the  drawing  by  the  number  of  chains  or 
feet  which  each  unit  represente.  In  the  last  example  the  length 
of  the  line  being  found  3(  inches,  and  the  scale  8  chains  to  an 
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inch,  tbe  true  leagtb  =  3.5  x  3=  10.50  ctiaina.  The  scale 
Bhonld  always  be  giveo  on  tbe  drawing.  It  may  be  stated 
tbue :  Scalei  8  chains  to  an  inch,  1000  feet  to  an  inch,  2  miles 
to  an  inch,  or  fractionall;,  and  thereby  indicating  the  rclatiye 
length  of  tbe  lines  in  the  drawing  to  tboee  which  they  repre- 
sent ;  as,  1 :  500,  1 :  2000,  etc. 

47.  Sue  of  Ztrswing  or  Scale  to  Adopt.  In  farm  surveys 
of  small  extent,  1  or  2  chains  to  an  inch  may  be  used ;  for 
medium  tractB  3  chains  to  an  inch  (1:2376)  is  perhaps  tbe 
beat.  The  shape  of  the  farm,  the  length  of  the  shortest  and 
longest  sides,  as  well  as  the  object  of  the  drawing,  will,  how- 
ever, influence  the  sui'veyor  in  his  decision  of  the  scale. 

48.  Scale  XTnknowii.  If  the  area  of  a  tract  of  land  is  known 
bnt  the  scale  not  given,  it  may  be  found  by  measuring  the  lines 
of  the  drawing  referred  to  any  convenient  scale  and  comput- 
ing the  area  from  these  determined  lengths.  Then,  since  the 
areas  of  similar  figures  are  to  each  other  as  the  squares  of  their 
homolc^us  sides,  the  true  scale  may  be  obtained  by  the  pro- 
portion, 

computed  area square  of  aaaumed  scale  , 

known  area  square  of  true  scale 


SECTION  V. 
On  Areas,  akd  Illustrative  Exahtles. 


49.  The  following  arc  geometrical  truths  with  which  the 
stuilent  is  supposed  to  have  an  acquaintance,  bnt  are  given  here 
for  convenience  of  reference. 

■  Tlie  protractor  and  oiher  drawiog-iDstrument*  n>ed  in  coDnecUon  with 
compaM  and  traiuit  inrTeying  are  deicribed  in  Chapter  U. 


)v  Google 


ABEAS.  81 

The  Aim  of  a  Triai^la  is  equal  to  one-half  tbe  prodact  of  its 
base  and  altitude. 

In  Temu  of  the  Three  Sidei  the  area  is  equal  to  tbe  square  root 
of  the  continued  product  of  one-half  the  sum  of  the  sidea,  and 
the  half-sum  minns  each  side  Beverally,  or  in  aymbola,  where 
A  =  area,  a,  b,  c,  the  three  sides,  and  s  their  sum, 

A=  Viaiis-a)  (J«-i>)  (is~c). 
If  tbe  triangle  is  equilateral  and  •  =  lengtii  of  a  side, 


50-  The  Area  of  a  Seotangle  is  equal  to  the  product  of  ite 
length  and  breadth,  or  A  =  bi  vbere  b  =  breadth  and  t  =  length. 

51.  The  Area  of  a  Parallelogram  is  equal  to  the  product  of 
its  base  and  altitude,  or  A=bh  where  &=breadth  and  A=height. 

52.  The  Area  of  a  Trapeioid  is  equal  to  the  product  of  one- 
half  the  sum  of  its  paraUel  sides  and  the  perpendicular  distance 

between  them,  or  A  =^  (m+n)  where  m  and  n  are  the  parallel 

sides,  andp  tbe  perpendicular  distance  between  them. 

53.  Tbe  Area  of  a  Regular  Sexagon,  where  s  denotes  the 

length  of  one  of  its  sides,  is  .<1  =  r^VSt  or  it  is  equal  to  six 

equal  equilateral  triangleB,  having  for  each  side  the  length  of 
one  side  of  the  hex^on. 

54-  The  Area  of  a  Begnlar  Octagon,  each  of  its  sides  being 
anit^,  may  be  calculated  by  the  rules  of  geometry,  thus:  Let 
the  figure  represent  the  octagon.  It  is  evident  that  the  area  of 
the  central  square  =  1.  The  sum  of  the  areas  of  tbe  four 
triangles  m,  n,  o,  p=i,  since  their  sum  equals  tbe  square 
described  oa  db.*     Now,  the  dimensions  of  each  of  the  four 

■  The  iqiure  described  on  tbe  diagonal  ot  a  equaie  ia  doable  the  glren 
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X  C 

n  o 

\  y 


TcmuDing  flgnres  (rectangleB)  x,  y,  z,  and  u,  are  1.  and  ^VS; 
ihence  the  sum  of  the  areas  of  these  four  rectangles 

=  4  X  iV2  =  2  V2  ; 
Adding  all  the  parts,  there  results 

1  +  1  +  2V2  =  2  +  2V2 
for  the  area  of  the  octagon. 

55.  The  Area  of  a  Eegnlar  Polygon  in  terms  of  the  perim^er 
and  apolhem,  or  radius  of  inscribed  circle,  is  equal  to  oue-balf 
the  product  of  the  perimeter  and  apothem,  or  j4  =  ^ ;  p  denoting 
the  perimeter,  and  r  the  radius  of  inscribed  circle  or  apothem. 

56.  The  Area  of  a  Eegolar  Polygon  in  terms  of  the  number  of 
aides  and  length  of  one  aide  may 
be  determined  as  follows :  Let 
r  =  OP  be  the  radius  of  the  in- 
scribed circle  or  apothem,  I  the 
length  of  each  side,  and  n  the 
number  of  sides,  A  the  area,  as 
before ;  then 

r  =  -  cot t 
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■and  A  =  '^xicot^^  =  '^eot^^- 

2       2  n  4  n 

If  1=1,  and  n=8,  the  area  of  the  polygon  (octagon)  becomes 
2cot22°S0'=2  +  2V2,  as  before  found. 

57.  By  the  application  of  the  formulas  Juet  found,  the  fol- 
lowing table  may  be  constructed,  showing  the  apothems  and 
81*608  of  some  of  the  regolar  polygons,  each  of  whose  sides  ifi 
unity. 


N.-1.. 

SIDBR. 

ArotMMI. 

AMU. 

Triangle  .... 

3 

0.2886732 

0.4380127 

Square 

4 

0.5000000 

1.0000000 

PenUgon 

6 

O.SSB1010 

1.7204774 

Hexagon  .... 

6 

0.8860264 

2.6080762 

Heptagon    .  .  . 

7 

1,0882601 

3.6339124 

8 

1.2071060 

4.82B4271 

Nonagon  .  .  .  . 

9 

1,3737386 

6.1818242 

Decagon  .... 

10 

1,5368418 

7.6042088 

11 

1.7028139 

0.8666399 

12 

1.8660252 

11.1061524 

Now,  sioce  the  areas  of  similar  polygons  are  proportional  to 
the  squares  on  their  homologous  sides,  this  table  may  tie  used 
to  And  the  area  of  any  regular  polygon  named  in  tbe  table, 
whatever  may  be  the  length  of  its  side.  Using  the  notation 
above,  the  principle  just  ennnciated  will  be  expressed  aa  follows ; 
1' :  area  in  table  =  P:  A,ot  A  =  Px  area  in  table. 

That  is,  the  area  of  a  regular  polygon  is  equal  to  the  square 
of  its  side  multiplied  by  tbe  area  of  a  similar  polygon  each  of 
whose  sides  is  I . 

ExAUPLE.  The  area  of  a  regular  pentagon,  each  side  being  30, 
=  30*  X  1 .7204774  =  1H8.4S. 

58.  The  Ares  of  a  Circle  is  equal  to  n-  multiplied  by  &e 
.square  of  the  radius,  or  one-half  the  product  of  the  circumfer- 
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eiic«  and  rodias.     Let  R  represent  the  radius,  C  the  circum- 
ference, aod  A  the  area ;  then 
A  =  wB'  = 


The  area  of  a  Qoadrant  ■■ 


2  ■ 


nnmber  of  degrees  in  the  sector,  or  ^  =  — ,  in  which  I  denotes, 
the  length  of  the  arc. 

60.  The  Araa  of  a  Cirenlu  Eing  is  eridently  the  difference 
of  the  areas  of  the  onter  and  inner  circles ;  or,  in  symbols,  if  R 
and  r  equal  the  outer  and  inner  radii,  A  =  v(R^  —  r'). 

63..  The  Area  of  a  Segmeat  of  a  circle,  as  ABO,  is  eridentl; 
equal  to  the  area  of  the  sector  AOBC,  minus  the  area  of  the^ 


triangle  AOB;  or,  in  Bymbols,  since  the  area  of  the  triangle 
=  — ^^.  wkJ  the  area  of  the  sector  as  given  above, 

S60  2 
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If  n  is  greater  than  180°,  as  in  the  segmeDt  A'B'BOA,  Bin  n 
becomes  DegatiTe,  thereby  making  the  seoond  term  of  the  right- 
band  member  positive,  as  it  should;  since  in  this  case  tbe 
■egment  is  greater  than  tbe  sector,  and  the  triangle  A'OS  ia 
additive. 

If  the  lengths  of  arc  &ud  chord  are  given,  denote  by  2c  ttie 
length  of  chord,  the  other  notstioa  as  aijove ;  then 

A  =  ^TeVW^^; 

the  minus  sign  to  be  used  when  the  segment  is  leas  than  a  semi- 
circle, and  tbe  jdua  sign  when  the  segment  ia  greater  than  a 
semicircle. 

62.  The  Area  of  an  EUipw  is  equal  to  rAB,  id  which  A  and 
S  denote  the  semi-axes. 

B.     ILLUSTBATIVB  BIZAUPLB8. 


Triangles. 

63.   JVrst  Method.    Measure  tbe  perpeodicnlar  CD,  and  tbe 
segments  AD  and  DB,  into  „ 

which  it  divides  the  base ;  then  ^""'iV 

j^^AB-kDC  ^^     \  \ 

To  Make  the  Plot.   Draw^B   * -^ :  \n 

according    to   any  convenient 

scale,  and  locate  D ;  with  the  same  scale  erect  at  I>  a  perpen- 
dicular =  DC.  Join  CA  and  CB,  and  tbe  triangle  ABC  will 
result. 

EXAMPLES. 

''  1.  Required  tbe  area  and  plot  of  a  triangular  field,  the  per- 
pendicular of  which  measures  4.86  cbains,  and  divides  tbe  side 
on  which  it  falls  into  segments  measuring  5.80  chains  and  3.16 
chains,  or  a  total  length  of  8.96  chains.    .    ' 
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CalcnlatMHL  ^  =  ^-^^^*-^^  =21.7728 Bqaarechaina.  Divid- 
iDg  bj'  10,  siace  there  are  10  square  chains  in  an  acre,  their 
result8?i^??=2.177  +  acre8.»  (The  student  wiU  make  the 
plot) 

QcEKiES.  Could  a  correct  plot  of  the  tract  be  made  if  there 
were  given  simply  the  base  and  altitude  ?   N  o 

Would  there  be,  usaall;,  aoy  choice  of  side  to  take  as  the 
base?   ^'^ 

^  2.  A  triangnlar  Qeld  measares  12.18  chains  on  one  aide,  and 
the  perpendicular  erected  at  a  point  5.10  chains  from  one  end 
measures  7.54  chaioa.     Calculate  the  area  and  make  the  plot.    / 

G4.  Second  Method.^  Measure  all  the  sides,  and  calculate 
tbe  area  by  the  formala  given  above  for  that  case. 


-  1.  The  lengths  of  the  sides  of  a  triangle  are  as  follows: 
AB=A^a  chains,  AC=^(i  chains,  and  £0=20  chains.  Re- 
quired the  area  and  plot 


A  =  y/ib  X  6  X 15  X  25  =  29.047  acres. 

To  Hake  the  Plot.     Take  40  chains  to  any  convenient  scale 

in  the  dividers,  and  lay  it  off  for  the  base  AB;  then,  with  A 

as  a  centre  and  30  chains  to  the  same 

scale  in  the  dividers,  describe  an  arc 

mm' ;  also,  with  £  as  a  centre  and  20 

chains  for  radius,  describe  the  arc  nn'. 

\b  The  point  C  connected  with  A  and 

"  B  will  give  the  triangle  ABC  required. 

Remark.     It  ts  customary  when  making  a  chain  survey,  to 

*  The  ftNa  It  utnallf  eipreued  in  acrei  and  handredthi  or  thonaandth* 
ifu  acr«. 
t  Other  method*  are  given  in  Chapter  II.  Section  IX. 
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meaanre  a  proof  line  such  as  CD,  and  this  should  always 
be  constructed  to  test  the  accuracy  of  the  work. 

2.  The  three  sides  of  a  triangle  measure  49,  50.25,  and 
25.69  chains.     Find  the  area.  Ans.   61.498  acres. 

S.  The  aides  of  a  triangular  field  are  34,  18,  and  15  chains. 
A.  proof  line,  12  chains  in  length,  intersects  the  longest  side  or 
base  at  a  point  10.25  chains  from  the  angle  formed  by  the 
two  longest  sides  of  the  field.  Required  the  uea  and  plot. 
Test  accuracy  of  latter  by  constracting  proof  line,  j'l-  ij  O  ^  ''' 

Rectanglbs. 

65.  Measure  any  two  adjacent  sides,  as  A3  and  BC,  The 
area  =  ^  =  ^B.BC.  j 

To  Plot.  Lay  off  AB  to  any  de- 
sired scale,  and  erect  a  perpendicular 
with  the  same  scale  at  the  extremities 
=  AI)  and  BO;  connect  D  and  C, 
and  the  required  figure  will  be  formed.  ^ 


EXAMPLES. 

y  1.  The  length  and  breadth  of  a  rectangle  are  12.32  and  7.16 
chains  respectively.     Required  the  area.  Ans.    8.82  acres. 

^  2.  The  length  of  a  rectangle  is  1250  feet,  and  its  breadth  840 
feet.     What  is  its  area F  Aiia.   24.1  acres. 

/  3.  A  road  running  across  a  farm  is  f  of  a  mile  long  and  8 
rods  wide.  How  much  land  does  it  occupy?  Ans.  2 1  acres. 
/'i.  The  length  of  a  road  on  a  hillside  inchned  to  the  horizon 
at  an  angle  of  20°  is  2310  feet,  and  its  width  2J  rods.  At  the 
rate  of  ^84  per  acre,  what  must  be  paid  to  the  owner  across 
whose  land  the  road  runs?  Ans.   $189.93. 

*  A|line  to  check  th«  meaiurfment. 
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Paballeloorahs  . 


66.  Measure  a  side,  ae  AB,  the  perpendicular  distance,  aa 
BE,  to  the  opposite  side  DC,  and  the 
distance  CB.    Then  A  =  ABx  BE. 

To  Plot.    Lay  off  the  base  AB,  and 

■^  B  at  the  extremity  B  erect  a  perpeudtcn- 

lar  equal  BE.  Through  E  draw  DC  equal  to  and  parallel  to 
AB,  making  EC  its  proper  length.  Join  DA  and  CB,  and  the 
parallelogram  ABCD  will  be  formed. 


-  1.  The  base  of  a  parallelogram  measures  10.54  chains.  A 
perpendicular  from  one  extremity  of  the  base  to  the  opposite 
side  5.16  chains,  and  the  diBtance  corresponding  to  EC  in  the 
last  figure  ia  1.82  chains.     Required  the  area  and  plot. 

Ans.  5.439  acres. 
''2.  A  surveyor  employed  to  determine  the  area  of  a  rhombus, 
and  tcDOwing  that  the  obtuse  angles  were  double  the  acute, 
measured  the  shorter  diagonal  only,  and  found  it  100  feet. 
Was  the  measurement  sufflcient  ?     If  so,  give  the  area.    ■  ^    ^ ''^"- ' 

Queries.  Can  the  area  of  a  rhombus  be  ascertained  if  the 
lengths  only  of  the  two  di^onals  be  given?  If  either  diagonal 
and  a  side  be  given  ?  ■'  ;    S  f^ 

TEAFEZOtUB. 

67-  Measure  EC,  the  perpendicular  CD,  and  BA;  note 
where  the  perpendicular  CD  meets  the 
base  AB. 


/      N 


A  =  i{AB+CE)CD. 


D  B 

To  Plot.  Lay  off  the  base  AB  to  the  desired  soale,  and 
at  D  erect  a  perpeodicular  thereto  equal  to  DC.  Through 
<7  draw  CE  of  the  required  length  and  parallel  to  AB.  Join 
EA  and  CB.  The  figure  resulting  will  be  the  trapezoid 
required. 
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EXAMPLES. 

^1.  The  base  of  a  trapezoid  measures  12.62  chains,  the 
parallel  aide  8.14  cIuudb,  and  the  perpendicular  7.44  chains. 
The  distance  correeponding  to  DB  in  the  last  figure  is  1.12 
chwns.     Required  the  area  and  plot.  Area=  7.723  acres. 

^'  2.  A  railroad  embankment  extends  8240  feet  perpendicnlarly 
across  a  farm  intersecting  parallel  aides.  At  one  end  its  base 
is  96  feet  wide,  and  at  the  other  60  feet.  Supposing  the 
property  line  is  10  feet  from  the  embankment  on  each  side, 


how  much  of  the  farm  is  taken  for  railroad  purposes? 


1-2f 


Tbapbzidhs. 

68.   Fira  Method.    Measure  either  diagonal,  and  the  per- 
pendiculars thereto  from  the  opposite 
angles,  noting  the  distances  AH  and 
EC. 

A  =  iAC{DB+EB) 


To  Plot.  Draw  the  diagonal  AC  to  jl 
the  desired  scale,  and  fix  the  points  H 
and  E.  At  these  points  erect  perpendiculars  correspondiDg  to 
the  scale  and  measurements.  Joining  DA  and  DC,  and  BA 
and  BC,  will  complete  the  plot  required. 

Second  Method.    Measure  all  the  sides 

and  a  diagonal  as  shown  in  the  figure,  J3 

thereby  dividing  the  trapezium  into  two 
triangles,  all  the  sides  of  which  are 
known  ;  whence  the  area  may  be  com* 
puted  by  the  formula  for  the  area  of  a 
triangle  in  terms  of  the  three  sides.  ~~ 

To  Plot.  Lay  off  the  diagonal  AC,  and  locate  the  points  B 
and  D  by  methods  heretofore  given.  Connect  the  points 
ABCDA  for  the  plot  required. 
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'  1.  The  diagoDsl  of  a  trapezium  meafiureB  120  rods,  and  the. 
two  perpendicnlare  30  aod  40  rods ;  what  is  the  area? 

Ana.   2Q\  acres. 

'^  2.  The  sides  of  a .  trapezium  talcen  in  regulav  order  are 
AS  =  5,  BC  =  9,  CD=n,  and  DA=1S  chains,  and  the 
diagonal  ^(7=12  chains.     Required  the  area  and  plot.  !f"^^ti^ 

^  3.  The  sides  of  a  trapezium  are  18.10,  22.14,  28.16,  and 
34.62  chains,  and  the  diagonal  f^om  the  first  to  the  third  comer- 
is  30.76  cbains.     Determine  the  area. 


POLTQOMS. 

Regular  or  irregular,  five  or  more  sides. 
69.   First  Method.    Measure  all  the  aides  and  the  diagonals, 
thus  dividing  the  tract  into  three  or  more  triaqgles.     The  area 
will  equal  the  sum  of  the  areas 
of  the  triangles  thns  formed. 

To  Plot.  Draw  a  line  repre- 
aenting  the  diagonal  BE,  and 
construct  the  triangle  ABB  on 
it ;  on  the  other  side  of  BE  con- 
struct BCE ;  if  a  pentagon,  the 
-JO  plot  will  be  completed  by  add- 
ing CDE. 

If  a  hexagon,  there  must  be 
measured  another  diagonal  giving  four  triangles,  and  generally, 
for  any  number  of  aides  n,  there  will  be  n— ^  diagonals  and 
n  —  2  triangles,  the  area  of  the  tract  being  equal  to  the  sum 
of  the  areas  of  the  n  —  2  triangles. 

If  the  tract  be  a  regular  polygon,  the  measurement  of  one 
side  by  the  aid  of  the  table  in  (57)  will  be  sufficient  to  deter- 
mine the  area. 
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70.  Second  Method.*  Meaeure  odb 
or  more  dif^onak,  aod  perpendiculars 
iVom  these  to  the  opposite  angles,  or 
corners,  theieby  dividing  the  tract  into 
right  triangles,  or  right  triangles  and 
trapezoide.  The  sunn  o(  the  areas  of 
these  figures  will  equal  the  area  of  ' 
the  polygon. 

EXAMPLES. 
^    I.   The  sides  of  a  pentagon  taken  to  regular  order  are,  €.80, 
4.20,  5.30,  8.90,  and  9.63  chains.     The  diagonals  from  the 
fifth  comer  to  the  second  and  third  are  each  10  chains.     Find 
the  area,t  And  make  a  plot. 

2.   A  side   of   a   regular  heptagon  measures  4.25  chains. 
What  is  the  area? 

Given   the   following  field  notes  to  calculate  the  areas  and 
make  the  plots.     The  distaix.-es  are  in  chains. 


D 

ie.T5 

C4.G0 

l&fiO 

VIM 

4ME    - 

9.00 

3.80  F 

3  4.90 

4.  SO 

8.20 

6.2B6- 

A 

D 

13.B0 

7.80 

4.00  £ 

ca.so 

B.90 

B6.60 

s.ao 

SLflO 

aoo  F 

A 

*  Other  methods  are  given  in  Chapter  II. 

t  The  work  may  be  abridged  bj  utiog  logarilhmE. 
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CntCLBB   AKD   CiRCCLAJC  BiKOS. 

71.  Me&fiore  the  radius  or  diameter  of  a  circle,  and  the  radii 

or  diameters  of  a  circular  ring. 

_n» 
The  area  of  the  former  =  vIP  =  — — • 

The  area  of  the  latter    =  ■w{IP  -  r*). 
EXAMPLES. 

1.  The  diameter  of  a  circle  is  10.16  chains.     What  ia  the 
area? 

2.  What  ia  the  area  of  a  circular  ring,  the  enter  and  inner 
radii  measuring  respectively  20  and  12  rods? 

SeCIOBS  AKD  Seohents. 

72.  Heasare  tbe  chord  AB,  and  the  perpendicnlar  distance 
or  height  of  arc  DE,  from  the  centre  of 
AB  to  tbe  arc  AEB.  From  these  data 
the  radius  and  the  angle  at  the  centre 
may  he  found ;  and  hence  the  area  ob- 
tained. See  (59)  and  (61).  Otherwise, 
measure  the  radius  BC,  and  by  short 
chords  the  arc  A£!Bi  whence  the  area 
may  be  computed.  (The  student  will 
supply  the  details  for  both  oases.) 


1.  If  the  lengtii  of  the  arc  of  a  sector  is  500  feet  and  the 
radius  1000  feet,  how  many  acres  does  it  contain?  Ans.  5.739. 

2.  If  the  chord  AB  (last  figure)  =  40  feet,  and  the  height  of 
arc  DE=W  feet,  what  is  the  area  of  the  segment? 

Ana.    279.558  square  feet. 
S.   Given  the  radins,  which  is  bisected  by  the  chord,  =  100 
feet.     Required  the  area  of  sector  and  segment. 
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SECTION    VI. 
OFFBBTB   AND   TIB-IiINl)6. 

73.    When  any  portion  of  the  boundary  of  a  tract  of  land  ia 
iiTeguIar,  as,  for  example,  when  it  is  a  stream  or  crooked  road, 
the  eurre;  along  such  sides  is  best  effected  by 
measuring  a  straight  line,  as  LN,  and  setting 
off  short  perpendiculars  m'm,  o'o,  and  p'p  at 
points  m',  o',  and  p\  and  extending  them  to 
the  boundary  line.     Such  short  perpendiculars 
are  called  offsets,  and  they  should  be  bo  chosen 
that  the  part  of  the  curve  Xm,  mo,  op,  etc., 
,  intercepted  between  any  two  conBecutive  ones 
may  be  considered  straight ;  whence  the  area 
of  the   part  lying  between  the  straight  and 
curved  lines  may  be  obtained  by  adding  to- 
gether the  area  of  the  triangles  and  trapezoids  into  which  it  is 
thus  divided. 

If  the  field  notes  corresponding  to  the  above  figure  are  aa 
beiow: 


The  area  between  straight  line  and  boundary 

{Area  triangle        Lmm',      6000  square  links. 

Area  trapezoid    mm'oo',     15600  " 

Area  trapezoid      oo'pp',    60750  " 

Area  triangle          p'pN,     16900  " 

Their  sum  =  99250  " 

or,              .9925  of  an  acre. 
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74.  BeotangnUx  C(H>rduiatM.  Let  XT  and  YT*  be  two 
fitraight  Linea  intersecting  each  other  at  right  angles  at  O,  and 
PP',  points  in  their  plane. 
Then  if  perpendiculars  be  drawn 
through  these  points  to  the  lines 
XX*  and  FT',  tiie  distances 
cut  00  on  the  former  are  called 
a&aciMM,  and  those  on  the  lat- 
ter ordinatet.  The  abBcissa  and 
ordinate  referring  to  one  point, 
as  P,  are  termed  the  co-ordi- 
aatea  of  that  point. 

The  lines  to  which  the  meas- 
urements are  referred  are  called  the  axes;  XX'  being  called 
the  axis  of  absciesas  or  axis  of  X,  and  TT'  the  axis  of  ordi- 
nates  or  axis  of  T. 

The  axes  being  at  right  angles,  the  system  is  called  the 
rectangular  tystem  of  eo-ordinatea.  0  is  the  origin.'  Desig- 
nating the  ordinates  measured  from  the  axis  of  X  upward,  and 
the  abscissas  measured  to  the  right  of  the  axis  of  F,  as  pint, 
and  those  downward  from  the  X>axis  and  to  the  left  of  the 
T-azis,  as  minus,  it  Is  evident  that  a  point  cas  be  located  in 
eitiier  quadrant  ver;  readily  by  this  method. 

If  the  co-ordinates  of  P  are  x  =  6  and  y=i,  it  means 
simply  that  Ox'  =G  and  Oy'  =  4,  and  the  point  may  be  located 
by  drawing  the  lines  as  indicated.  If  z  =  — 5  and  y=3,  the 
point  is  five  units  to  the  left  of  the  F-axis,  and  three  units 
above  the  X-axis,  etc. 


75-  Aj^ication  of  Beetangular  Co-ordinates  to  the  Compula- 
tion of  Areas. 

Suppose  it  is  required  to  find  the  area  of  any  number  of 
trapezoids  formed  by  a  broken  line,  and  perpendiculars  (Vom  its 
angles  upon  a  straight  line  as  indicated  in  the  figure.     XX',  the 

*  Axei  inclined  to  each  other  are  called  Migut. 
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etnught  line,  ma;  be  taken  as  the  axis  of  X,  and  YY'  the  axis 
of  T.    Let  X,,  X.,  X.,  etc.,  y„  j/_,  y.,  etc.,  denote  respectlTel; 
tiie  abflciflsaa  and  ordinat«B  of  the  points  L,  M,  N,  etc. 
r1 


The  area  required 
=  i  [^{y.  +  y.)  +  (x,-x^)  (y,  +  ff.)  +  (X.  -  ar.)  (y.  +  y.) 

+ (aj  -  *.)  (y. + y,) + {^r  -  a>)  (y, + Vr)]-* 

By  expanding  and  simplifying  there  reanlts 

i  [a;,Cy>- y.) +'«,{y- -  y.) +a!.(y- -  y,)+a',(y.  -  yr) 

+av(y,+y,)]. 
Whence  for  calculating  the  area  of  a  tract  of  land  incladed 
between  a  straight  tine  and  a  broken  line,  whose  angles  are 
given  by  their  co-ordinates  upon  the  straight  line  as  base,  we 
have  the  following 

Rule. 
Multiply  the  difference  between  each  ardinaie  and  the  second 
Succeedi'njF  one  by  the  abscissa  of  t?ie  intervening  ordinate. 

Multiply  also  the  sum  of  the  last  two  ordtmUes  by  the  last 
abteista. 

The  haif  of  Me  algi^traic  »vm  of  these  several  producta  wiB  be 
ffte  area. 

EXAMPLES. 

Calculate  the  areas,  and  make  the  plots  from  the  following 
field  notes ;  the  distances  are  in  chains. 

*  A  timllar  ezpreiMon  conJd  eHdently  be  found  for  any  number  of 
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3.eo 

4.00 
8.00 


76.  A  Blight  modiflcatJon  of  the  rnle  jast  given  will  make  it 
applicable  to  the  case  where  a  broken  line  encloses  a  tract  or 
fonns  the  boundar;  of  a  polygon. 


r, 

T. 

....^^ 

\ 

\ 

0 

\ 

/ 

r. 

v^ 

■^ 

; 

r 

ii          «.            » 

Let  the  tract  enclosed  be  represented  by  the  figures,  then 
ttie  area 
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-i  -  i  [  (y.  -  y-)  (*- + a--) + (y.  -  y.)  (i. + «,) 
+  (y,  -  y.)  (."=.  +  a>)  -  (y,  -  y,)  {x, + x,) 

-(3^  +  ai)(ff.-y-)]- 

By  expanding,  cancelling,   and   factoring,  we  ma;   obtain 
either  of  the  following  ezpressiona : 

A=     i  [!B,(y.  -  y,)  +  a!,(y,  -  y, )  +  a^(y,  -  y.) 

+a'.(y,-y,.)+av(y,-y.)];     (i) 

or,       A^~\[y,(x^-x,)  +  y^{x^-x,)  +  y.{x,-ieJ 

+  y.(a^,-if,)  +  y,(!e<-3!.)],        (2) 

Whence,  for  the  area  of  a  polygon  whose  corners  are  given 
by  their  co-ordinatea,  we  have  the  following 


Take  one-haif  the  sum  of  the  producU  of  each  i  "^^"^  ^ 
orrfinotes  ordinate  ' 

and  tlte  dijfavnce  of  its  adjacent  i,  abactMoa  ^  '  *^''"*y*  wiafttM? 
the  subtraction  tn  tfte  same  direction  round  the  plot.' 


1.  Given  the  abscissas  of  tiie  several  comers  of  a  field,  Lf 
Mt  Hf,  0,  P,  respectively : 

2.00,  5. SO,  12.00,  15.00,  and  8.60  chains. 
The  corresponding  ordlnates : 

10.20,  1.80,  4.00,  9.40,  and  14.00  chains; 
to  compute  the  area. 

*  Thft  work  of  compntadon  maj  be  abridged  when  the  abiciiwu  ara 
greater  than  the  oidinatei,  b7  makiDg  the  diflerencei  of  the  abaciasas  the 
facton  irith  the  ordinatea ;  and  when  tbe  ordinatea  are  greater  than  the 
abaciuBS,  taking  the  diSerencei  of  the  ordinate!  with  the  abiciuai.  If 
tbe  aiia  of  ordinates  pau  through  L,  the  abKiau  of  that  point  vonld 
TUiitb.    Begard  mnit,  in  all  caiea,  be  had  to  tlie  reinlting  ilgna. 
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The  form  of  redaction  is  m  follows ; 


OomM 

OBDnAHB. 

Amvomam 

ALTSmiUTS  ASKtHjkB 

I>OrBLB  A  BUB. 

L 
M 
S 
0 

p 

10^ 

9.40 
14.00 

2.00 
6.60 
12.00 
16.00 

aeo 

3.10 

-10.00 

-   8.60 

S,40 

18.00 

31.6200 

-  18.0000 

-  88.0000 
31.0000 

182.0000 

2«.6800 
-  66. 
2)189.6800 
10)9*.7»    aq.cbi. 
O.iTO  men*. 

2.  Given  the  abeeisBas  of  the  several  corners  of  a  Geld,  L, 
M,  N,  0,  P,  Q,  S,  respectively : 

0,  6.50,  14.60,  22.80,  20.00,  16.70,  9.90; 
and  the  corresponding  ordinates : 

13.20,  S.72,  4.40,  S.90,  17.24,  16.90,  and  17.80, 
all  in  chains ;  to  determine  the  ares  and  make  a  plot. 

3.  Given  the  abscissas  of  the  several  comers  of  a  field.  Ay 
B,  C,  D,  E,  F,  G,  H,  respectively : 

100,  300,  360,  290,  400,  250,  120,  0; 
and  the  correepoDding  ordinates : 

0,  0,   160,  300,  380,  520,  520,  and  330, 
all  in  feet ;  to  determine  the  area,  and  make  a  plot. 

4.  Verify  Example  3  by  a  method  independent  of  that  given 
on  the  preceding  page. 
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5.   Beqaired  the  areft  and  plot  from  the  following  field  notes : 


/ 

' 

A 

23.50 

F 

' 

F 

21.00 

E 

Y 

E 

20.60 

D 

r 

i 

i 

c 
N 

0 
1.00 
1.60 
1.75 
IJOO 
X.20 

0 

D 
17.40 
16.60 
18.00 
8.50 
6,00 
3.60 
C 

V 

0 

2.00 
8.60 
2.60 

V       « 

C 
18.00 
13.60 
10.00 

&60 

B 

On  river 

' 

' 

B 
16.60 
A 

E 

A 

41.10 

1 

TA^.DF 

26.80 

DisK-CP 

17.06 

I 

B 

V 

F 

A 

30.10 

D 

C 
28.00 

1 

^ 

F 

s 

F 

20.76 

B 

* 

Other  examples  coatuning  oSsete  are  given  in  Chapter  II. 
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77-  To  find  the  area  of  a  tract  of  land  when  it  is  impoasibte 
to  measure  the  diagonals  or  perpendiculars,  as  in  the  ease  of  a 
lake  or  mcamp. 

Measure  3fN  and  ON",  and  coDtinoe  the  meaanrementa  past 
their  iotersection  at  K,  making  NH 
some  fractional  part  of  MN,  and  NK 
the  same  part  of  ON.*  Now  because 
of  the  similarity  of  the  triangles  MSO 
and  BKN,  MO  may  be  found  by 
measuring  a  tie-line  HK,  and  divid- 
ing  it  by  the  fraction  need.  Similarly, 
LM  may  be  fonnd.  Then  OL  being  - 
measured,  the  area  of  the  polygon 
MNOLB  can  be  computed.  In  case 
of  a  pond  or  lake,  if  ofTsets  be  taken 
from  the  sides  of  the  polygbn  to  the 
edge  of  the  water,  and  the  sum  of  the 
areas  tbns  found  included  between 
the  Bides  and  the  lake  be  deducted 
from  the  area  of  the  polygon,  the  area 
of  the  body  of  water  will  be  shown. 


MISCELLANEOUS    EXAMPLES. 

1 .  One  side  of  an  equilateral  triangle  meaaaree  18.24  chains. 
Required  the  area. 

2.  The  perpendicular  of  an  equilateral  triangular  piece  of 
ground  measures  160  feet.     What  is  the  area? 

Ans.    14780.16  square  feet.     What  part  of  an  acre? 

*  Great  cue  ihould  be  exercised  in  the  meMUTenwnti,  ilDce  the  error 
li  magnifled  in  the  computed  Unei.  If  the  linet  are  ta  taken  that  KH  i% 
one-fourth  of  MO,  sn  error  of  one  link  in  meaiiuing  KB  njll  make  a 
difference  of  four  links  In  MO. 

For  method*  of  performing  such  work  more  accurately,  tee  Compau 
and  Tiuuit  Snrrejing,  Chapter  IL  Section  IX. 
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8.  It  is  known  that  the  base  of  an  ifiosoelea  triangle  is  f  tlie 
length  of  one  of  its  equal  sidea.  The  perpendicalar  measares 
80  feet     The  sides  and  area  are  required. 

Ans.   Each  side,  100  feet;  baae,  120  feet. 
Area,  4800  square  feet. 

i.  Desiring  to  ascertain  the  radina  of  a  railroad  curve  (it 
being  tbe  boundary  of  a  field)  >  a  surveyor  measared  from 
centre  to  centre  of  tracks,  a  chord  of  200  feet ;  also  the  per- 
pendicular distance  from  the  centre  of  chord  to  the  middle  of 
tracks,  4  feet.  Show  that  these  measurements  indicate  the 
radius  =  1252  feet. 

QuEBi.  How  should  the  data  obtained  in  Example  4  be  em- 
ployed to  determine  ttie  area,  assuming  that  the  curve  is  con- 
cave to  the  field? 

5.  The  circumference  of  a  circle  is  100  rods.  How  many 
acres  does  it  contain?  Ana.   4.974. 

QoBRt.  Caa  Problem  5  be  solved  without  first  finding  the 
radius  or  diameter? 

6.  If  tbe  number  expressing  the  area  of  an  equilateral  tri- 
angle in  square  feet  is  the  same  as  that  showing  the  length  of 
one  of  its  sides  in  lineal  inches,  what  is  its  area? 

Ans.   332.55. 

7.  The  chord  of  a  circle  measures  60  feet,  and  the  height  of 
arc,  or  versed  sine,  10  feet,  f^nd  in  the  same  circle  the  versed 
sine  of  a  chord  of  90  feet.  Ans.   28.2  feet. 

8.  The  lengths  of  two  chords  lying  on  the  same  side  of  the 
diameter  of  a  circle  are  96  and  60,  and  their  distance  apart  26. 
Required  the  area  between  them. 

Sdookstiom.  Let  x  =  perpendicnlar  distance  flrom  centre  of 
short  chord  to  the  nearest  point  of  circumference,  and  y  =  per- 
pendicular distance  from  centre  of  long  chord  to  the  farthest 
point  of  circumference ;  that  is,  measured  in  the  t^posite  direc- 
tion from  the  first. 
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Wlience  the  diameter  is  readily  determioed  aod  thence  the 
area  required. 

9.  Show  that  the  area  of  the  circamBcribed  hezogoa  1b  to 
the  area  of  the  circDmscribed  eqnilater&l  triangle  as  2  is  to  S. 

10.  Show  tliat  the  area  of  a  regnlar  iDscribed  polygon  of  n 

.,         n   .   .    360° 

•idea  =  -  r"  Bin 

2  n 

11.  Show  that  the  area  of  a  r^;alar  circamBCribed  polygOD 

of  n  rides  =  «H  tan  i^- 
n 

12.  The  distance  between  the  centres  of  two  circles,  whose 
diameters  are  each  fiO,  is  eqnal  to  SO.  What  is  the  area  common 
to  tiie  two  circles 7  Ans.   559.15. 

IS.  Three  eqoal  circles  being  tangent  to  each  other  ex- 
ternally enclose  40  rods.    What  is  the  radius  of  each  circle? 

Ans.   15.75  rods. 


1.  Surrey  a  polygon,  measure  all  the  sides  and  necessary 
diagonals,  run  test-lines,  record  the  notes,  make  a  plot,  and 
compute  the  area. 

2.  Take  the  boundaries  as  found  above,  and  complete  the 
Burrey  by  measuring  one  diagonal  and  perpendicular  offsets  to 
the  comers.    Make  record,  plot,  and  computation. 

3.  Meaaure  a  Seld  partly  bounded  by  a  creek  or  lake,  ren- 
dering it  necessary  to  take  offsets  thereto.  Record  the  notes,, 
plot,  and  calculate  area. 

4.  Survey  a  pond  or  Bmall  lake  by  tie-Uoes  and  offsets. 
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SECTION  I. 
DBFINinOHS  AND  DSaCBIPTION  OF  mSTBUlCHNTa 

78.  Tbe  Axil  of  the  earth  is  the  im&ginary  line  about  whldi 
it  rotat«B. 

The  PoIm  are  the  points  where  the  axis  pierces  the  eartii :  one 
the  north  pole,  the  other  the  south  pole. 

79.  A  Heridiui  Plane  is  a  plane  embracing  the  earth's  axis. 

80.  A  Heridiui  Line,  or  true  meridian,  is  the  intersection  of 
a  meridian  plane  with  tbe  surface  of  the  earth. 

In  plane  surreying  the  meridians  psAsing  through  the  ex- 
tremities of  lines  surveyed  are  considered  parallel. 

81.  The  Kagnetio  Needle  is  a  thin  bar  of  strongly  ma^et- 
ized  Bteel,  balanced  on  a  pivot,  so  that  it  may  turn  freely,  and 
always  come  to  rest  in  the  direction  of  the  magnetic  meridian. 

82.  Tlie  Xagnetie  Veridian  is  indicated  by  the  direction  of 
a  bar  magnet,  when  horizontal,  ft-eely  suspended  and  at  rest- 
It  does  not  in  general  coincide  with  the  gG<^aphic  meridian. 
The  angle  included  between  them  is  called  the  decIinatiOD  of  the 
needle,  or  variation  of  the  compass,*  and  tbe  chajtge  in  this 
angle  b  termed  the  variation  of  tbe  declination. 

■  See  Chapter  III.,  on  Declination  of  the  Needle. 
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83.  Tlu  Aiimaih  of  »  Liua  is  the  angle  which  the  rertioal 
plaoe  containing  it  makes  with  the  plane  of  the  meridiao. 

84.  Tlie  Bearing  of  a  Lino,  called  also  the  oourae,  is  the 
angle  which  it  forms  with  the  direction  of  the  magnetic  needle. 

85.  The  Koridian  Diitanoe  of  a  Point  is  its  perpendicular 
distance  from  ao  assumed  meridian. 

86.  The  Xeridian  Siftanoe  of  a  Line  is  the  meridian  dis- 
tance of  the  middle  point  of  that  line. 

87-  A  Horizontal  Angle  is  an  angle  included  betweea  two 
lines  in  a  horizontal  plane. 

A  Vertical  Angle  is  an  angle  included  between  two  lines  in 
a  TcrtJcal  plane. 

88-  An  Angle  of  Elevatios  is  a  vertical  angle,  one  side  of 
which  is  horizontal,  and  the  other  inclined  upward  from  the 
angalar  point. 

89.  An  Angle  of  Depreedon  ia  a  vertical  angle,  one  side  of 
which  is  horizontal,  and  the  other  inclined  downward  from  the 
angnlar  point. 

In  Compaas  and  Transit  Surveying,  in  addition  to  the  meas- 
orement  of  lines,  angles  are  observed;  hence,  besides  the 
instrumente  previously  described,  we  present  tiie  following : 


The  SuRVETOR'a  Coup  ass. 

90-  The  Snmyor'i'  Compaia  consists  essentially  of  a  brass 
plate  carrying  a  horizontal  graduated  circle,  in  the  centre  of 
which  is  suspended,  so  ae  to  tarn  freely,  a  magnetic  needle ; 
and  at  the  extremities  of  the  plate  are  attached  vertically  two 
flattened  pieces  of  brass,  called  sights,  having  fine  slits  and 

*  The  Solar  Comptui  U  described  in  Chapter  VI. 
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oircolar  openings  in  them,  by  which  the  ioBtrnment  is  directoci 
upon  any  object  or  etstion. 

In  addition  to  the  essenti&ls  named,  this  instrument  usnaUy 
has  two  small  epirit  levels  set  on  the  plat«  at  right  angles  to- 
each  other,  a  vernier  scale  for  setting  otF  the  declination  of  the 
needle,  a  tangent  scale  for  reading  vertical  angles,  and  a  brass 
head  for  mounting  the  instrument  upon  a  tripod  or  a  single  stafl 
called  Jacob's  Staff. 

SL,  The  graduated  circle  is  divided  into  half-degrees,  and  is 
figured  from  0  to  90  on  each  side  of  the  centre  line  of  zeros. 

The  magnetic  needle  is  fh>m  1  to  6  inches  long  in  the  different, 
sizes  of  compasses,  having  set  in  its  centre  a  piece  of  hardened 
steel  highly  polished,  which,  resting  upon  the  hardened  point  of 
the  centre<pin,  allows  the  needle  to  turn  fteely,  horizontally, 
and  to  take  its  direction  in  the  magnetic  meridian. 

92.  The  needle  is  lifted  from  its  support  by  a  concealed 
spring  actuated  by  a  screw.  The  lest  of  the  delicacy  of  a 
magnetic  needle  is  the  number  of  vibrations  which  it  will  make 
in  a  certun  arc  before  coming  to  rest. 

When  the  oompsss  is  not  in  use,  the  needle  should  be  screwed 
up  against  the  glass,  and  the  instrument  set  so  that  the  nortii 
end  of  the  needle  points  towards  the  north. 

To  Adjust  tbb  Cokpass. 

93.  The  Lmrall.  First  bring  the  bubbles  into  the  centre,  by 
the  pressure  of  the  band  on  different  parts  of  the  plate,  and 
then  tnm  the  compass  half-way  around ;  should  the  bubbles 
run  to  the  end  of  the  tubes,  it  would  indicate  that  those  ends 
were  the  highest :  lower  them  by  tightening  the  screws  immedi- 
ately under,  and  loosening  those  under  the  lowest  ends  until, 
by  estimation,  the  error  is  half  removed ;  level  the  plat«  again, 
and  repeat  the  first  operation  until  the  bubbles  will  remain  in. 
the  centre  dnrii^  an  entire  revolution  of  the  oompaas. 
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94.  The  Sighti  vmj  next  be  tested  by  obeerriug  through  the 
elite  A  fine  hair  or  thread,  made  exactly  vertic&l  by  a  plumb. 
Sboold  the  hair  appear  on  one  side  of  the  slit,  the  sight  must 
be  adjusted  by  filing  o£F  its  under  surface  on  that  side  which 
aeema  the  tiighest. 

96.  The  Heedlt  is  adjusted  in  the  following  manner ;  Having 
the  eye  nearly  in  the  same  plane  with  the  graduated  rim  of  the 
compass -circle,  with  a  small  splinter  of  wood  or  a  slender  iron 
wire  bring  one  end  of  the  needle  in  line  with  any  prominent 
division  of  the  circle,  as  the  zero  or  ninety-degree  mark,  and 
notice  if  the  other  end  corresponds  with  the  degree  on  the 
opposite  side :  if  it  does,  the  needle  is  said  to  "  cut"  opposite 
degrees ;  if  not,  bend  the  centre-pin  by  applying  a  small  braes 
wrench,  about  one-eighth  of  an  inch  below  the  point  of  the  pin, 
antil  the  ends  of  the  needle  are  brought  into  line  with  the  oppo- 
site degrees. 

Then,  holding  the  needle  in  the  same  position,  turn  the  com- 
pass half-way  around,  and  note  whether  it  now  cuts  opposite 
degrees ;  if  not,  correct  half  the  error  by  bending  tlie  needle, 
and  the  remainder  by  bending  the  centre-pin. 

The  operation  stiould  be  repeated  until  perfect  reversion  is 
secured  in  the  first  poeitioD. 

Tbb  being  obtained,  it  may  be  tried  on  another  quarter  of 
tiie  00*010 ;  if  any  error  is  there  manifested,  the  correction  most 
be  made  in  the  centre-pin  only,  the  needle  being  already 
straightened  by  the  previous  operatioD. 

96.  XlMtrioi^.  A  little  caution  is  necessary  in  handling  the 
compass,  that  the  glass  covering  be  not  excited  by  the  friction 
of  cloth,  silk,  or  the  hand,  so  as  to  attract  the  needle  to  its 
under  surface. 

When,  however,  the  glass  becomes  electric,  the  fluid  may  be 
removed  by  breathing  upon  it,  or  touching  different  parts  of  Its 
sorface  with  the  moistened  finger. 
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97.   Hie  Vsadle  ie  remagnetized  as  follows : 

The  operator,  being  provided  with  an  ordinary  permanent 
magnet,  and  holding  it  before  him,  ahODld  pasB  with  a  gentle 
pressure  each  end  of  the  needle  from  centre  to  extremity  over 
the  mf^etdc  pole,  deecribing  before  each  paea  a  circle  of  aboat 
six  inches  radios,  to  which  the  aorface  of  the  pole  is  tangent, 
drawing  the  needle  towards  bim,  and  taking  care  that  the 
north  imd  the  sonth  ends  are  applied  to  the  opposite  poles  of 
tlie  magnet. 

Should  the  needle  be  returned  in  a  path  near  the  magnetio 
pole,  the  current  induced  by  the  contact  of  the  needle  and 
magnet,  in  the  pass  Just  described,  would  be  reversed,  and 
tbuB  the  magnetic  virtue  almost  entirely  neutralized  at  each 
operatioD. 

When  the  needle  has  been  passed  abont  twenty-five  times 
in  suocession,  in  the  manner  just  described,  it  may  be  oonsid- 
ered  as  ftilly  chained. 

A  fine  brass  wire  is  wooud  in  two  or  tiiree  ooils  on  the  soutii 
end  of  tbe  needle,  and  may  be  moved  back  or  forth  in  order  to 
counterpoise  tbe  varying  weight  of  the  nortb  end. 

96.  Tli«  C«atr»-Pin.  This  should  occasionally  be  examined, 
and  if  much  dulled,  taken  out  with  a  brass  wrench  or  with  a 
pair  of  pljeis,  and  sharpened  on  a  hard  oil-stone — the  operator 
placing  it  in  the  end  of  a  small  stem  of  wood  or  a  pitx-vise, 
and  delicately  twirling  it  with  the  fingers  as  he  moves  it  back 
and  forth  at  ao  angle  of  about  SO  d^rees  to  the  surface  of  the 
stone. 

When  the  point  is  thus  made  so  fine  and  sharp  as  to  be  in- 
visible  to  the  eye,  it  should  be  smoothed  by  rubbing  it  on  the 
surface  of  a  soft  and  clean  piece  of  leather. 

99.  Weight.  The  average  weights  of  the  different  sizes  of 
compasses,  including  the  brass  head  of  the  jaoob-staff,  be- 
ginning with  the  smallest,  are  respectively  5^,  7^,  and  9^ 
ponuds. 
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The  Vermisb. 

100-  A  TsraiST  is  an  auxiliary  scale  for  measuring  smaller 
divisions  than  those  into  which  a  graduated  scale  or  limb  is 
dirided."  The  smallest  reading  of  the  vernier,  or  katt  count, 
is  the  difference  in  length  between  one  division  on  the  gradn- 
ated  scale  or  limb,  and  one  on  the  vernier.  If  the  divisions  on 
the  vernier  are  smnller  than  those  on  the  limb,  the  vernier  is 
direct;  if  the  reverse,  TetrDgrade, 
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Let  XJf  represent  any  scale  divided  into  tenths,  and  we  wish 
to  measure  or  read  to  tenths  of  these  divisions,  i.e.  to  y^. 
Using  a  direct  vernier,  we  shonld  have  10  spaces  on  it  equal  to 
9  on  the  scale,  and  each  one  of  tbem  eqnal  to  ^  of  ^,  or  yf,, 
of  the  scale  graduation ;  giving  a  lea»t  count  of  -^^  —  -^  =  y^, 
as  desired.  To  read  to  twentieths  of  the  divisions  on  the  scale, 
we  sfaonld  have  20  divisions  on  the  vernier  corresponding  to  19 
on  the  scale,  or  each  space  on  the  vernier  equal  to  ^  ■  ^  =  ^fj;, 
and  giving  a  least  count  of  ^-  ^  =  ^. 

In  general,  if  s  =  the  smallest  division  of  the  scale  or  limb, 
V  =  the  smallest  division  of  the  vernier, 
n  =  nnmber  of  divisions  on  the  vernier, 
we  shall  have  least  count  =  a  —  v  =  — 

Or,  the  least  covtU  of  a  vernier  is  eqnal  to  the  smallest  division 
of  the  scale  or  limb  divided  by  the  number  of  divisions  on  the 
vernier-t 

If  8=^  degree,  and  n  =  30,  as  ordinarily  found  on  transit 

•  It  derivet  ita  Dune  from  Peter  Temier,  1631. 

t  It  ia  evidentlj  hnmaterial  whether  LM\>e  stnigbt  or  iiiirT«d. 
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plates,  the  least  coant  wiU  be  i-i-30  =  ^  of  a  d^ree  =  oiie 
miBtite. 

If  s  =  ^  degree,  and  n  =  40,  oftentimes  found  on  vertical 
arcs  to  solar  attacbmente,  the  smaUest  reading  =  ^ -<- 40  =  y^ 
of  a  degree  =  }-  minute. 

To  space  a  vernier  for  a  giren  least  count,  say  10",  on  a  limb 

gradoated  to  10',  we  must  have  w=     *    =  —  =  60  spacea, 

a-v      i 
covering  59  spaces  on  the  limb. 

1/01.  To  read  an  Instrument  having  a  vernier  consists  in 
determining  the  number  of  units  and  fractional  parts  thereof, 
into  which  its  scale  or  limb  ma;  be  divided,  from  the  zero  point 
on  the  limb,  where  the  graduation  begins,  to  t^e  zero  point  of 
tiie  vernier. 

It  is  accomplished  aa  follows :  Take  the  reading  of  the  scale, 
as  shown  by  the  last  graduation  preceding  tbe  zero  of  the  ver- 
nier ;  then  find  a  line  on  the  vernier  which  coincides  with  a  line 
on  the  scale.  The  nnmber  of  tbis  line,  as  indicated  by  the 
graduation  on  the  vernier,  shows  how  many  units  of  the  leaat 
count  are  to  be  added  to  the  first  reading. 


1.  A  levelling-rod  is  graduated  into  feet,  tenths,  and  hun- 
dredthe.  It  is  required  to  space  a  direct  vernier  so  that  tbe 
rod  may  be  read  to  thousandths  of  a  foot 

2.  An  arc  is  graduated  into  qaarter-degrees,  and  a  vernier 
of  80  parts  covers  29  parts  of  the  arcs ;  find  the  least  count. 

3.  A  scale  is  divided  into  inches  and  tenths  of  an  inch ;  plan 
a  direct  vernier  by  means  of  which  the  scale  mar  be  read  to 
-rb  of  an  inch. 

Flan  a  retrt^ade  vernier  to  accomplish  the  same  object. 

4.  Design  a  vernier  which  when  applied  to  a  limb  graduated 
into  20'  will  give  a  least  count  of  20". 
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SURVEYOR'S  TRANSIT. 

Note.  The  principal  part  of  the  deicription  of  the  Compau  uid  Tran* 
•It,  4iid  the  platei  for  the  engraving  of  theie  instnunent*,  were  Undl; 
fumbhed  bj  Metm.  W.  &  L.  E.  Gurley.  Troy.  N.T. 
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Sobvetob's  Teansit, 

102.  The  esuDtial  parts  of  the  Tran- 
sit,  as  shown  in  the  cut,  are  the  tdetcope 
with  its  axis  and  two  sapports,  the  cir- 
cular plates  with  their  attachmeiitG,  the 
eockela  upon  which  the  plates  revolve, 
the  leveUing-liead,  and  the  tripod  on 
which  the  whole  instrument  et&nds. 

The  telescope  is  from  10  to  11  inches 
long,  firmly  secured  to  an  axis  having 
its  bearings  nicely  fitted  in  the  stand* 
ards,  and  thns  enabling  the  telescope 
to  be  moTcd  in  either  direction,  or 
turned  completely  around  if  deaired. 

The  different  parts  of  the  telescope 
are  shown  in  the  marginal  figure. 

The  object-glass  is  composed  of  two 
lenses,  so  as  to  »how  objects  without 
color  or  distortion,  is  placed  at  the  eud 
of  a  slide  having  two  bearings,  one  at 
the  end  of  the  outer  tube,  the  other  in 
the  ring  CC,  euapended  within  the  tube 
by  four  Bci'ews,  only  two  of  which  are 
shown  in  the  cut. 

The  object-glasB  is  carried  out  or  in  c 
by  a  pinion  working  in  a  rack  attached  ^ 
to  the  slide,  and  thaa  adjusted  to  ob-  <{ 
jeots  either  near  or  remote  as  desired. 

The  eye-piece  is  made  up  of  four 
plano-convex  lenses,  which,  beginning 
at  the  eye-end,  are  called  respectively 
the  eye,  the  field,  the  amplifying,  and 
the  object-lenses,  the  whole  forming  a 
Com|>onnd  microscope  having  its  focus 
in  the  plane  of  the  cross- wire  ring  BB. 


h 
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The  eje^piece  is  broaght  to  its  proper  tocos  usually  by  twist- 
ing ita  milled  end,  the  spiral  movement  within  carrying  the  eye- 
tube  out  or  in  as  desired ;  sometimes  s  pinion,  like  that  which 
focuses  the  object^lass,  is  employed  for  the  same  purpose. 

103.  Tlie  Crou-WiiM  are  two  fibres  of  spider-web  or  very 
fine  platinum  wire,  cemented  into  the  cuts  on  tiie  surface  of  a 


metal  ring,  at  right  angles  to  each  other,  eo  as  to  divide  the 
open  space  in  the  centre  into  quadrants. 

104.  Optieal  Axis.  The  intereection  of  the  wires  forms  a 
very  minute  point,  which,  when  they  are  adjusted,  determines 
the  optical  axis  of  the  telescope,  and  enables  the  surveyor  to 
fix  it  upon  an  object  with  the  greateet  precision. 

The  imaginary  Hue  passing  through  the  optical  axis  of  the 
telescope  is  termed  the  "line  of  collimation,"  and  the  opera- 
tion of  bringing  the  intersection  of  the  wires  into  the  optical 
axis,  is  called  the  "  adjustment  of  the  line  of  collimation." 
This  wOl  be  hereafter  described. 

105.  The  Standards  of  the  Transit  are  firmly  attached  by 
their  expanded  bases  to  the  upper  plate,  one  of  them  having 
near  the  top,  as  shown  in  the  cut,  a  little  movable  box,  actu- 
ated by  a  screw  underneath,  by  which  the  telescope  axis  is  made 
truly  horizontal,  as  will  be  hereafter  described. 
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Tbe  sectional  view  here  given  shows  the  interior  constnicljon 
of  tbe  sockets  of  the  transit,  the  manner  in  which  it  is  detached 
from  the  Bpindle,  and  the  means  by  which  it  can  be  taken  apart 
if  desired. 

In  the  figure,  the  limb  BB  is  attached  to  tbe  main  socket  C, 
which  is  itself  carefully  fitted  to  the  conical  spindle  H,  and  held 
in  place  by  tbe  spring  catcb  S. 


The  upper  plate,  AA,  carrying  tbe  compass-circle,  standards, 
etc.,  is  fastened  to  the  flanges  of  the  socket  K,  which  is  fitted 
to  the  upper  conical  surface  of  the  main  socket  C ;  the  weight 
of  all  tbe  parts  being  supported  on  the  small  bearings  of  the 
end  of  the  socket,  as  shown,  so  as  to  turn  with  the  least  possible 
fHction. 

A  small  conical  centre,  in  which  from  below  is  inserted  a 
strong  screw,  is  brought  down  firmly  upon  the  upper  end  of 
the  main  socket  C,  and  thus  holds  tbe  two  plates  of  the 
instrument  securely  together,  while  at  tbe  same  time  allowit^ 
them  to  move  freely  around  each  other  io  nse. 


)v' Google 


68  PLANE  SURVEYING. 

A  email  disc  above  the  coaical  centre  contains  the  steel  cea- 
tre-pin  upon  which  rests  the  needle,  as  shown  ;  the  disc  is  fas- 
tened to  the  upper  plate  by  two  small  screws,  as  represented. 

The  main  socket  with  all  its  parte  is  of  the  best  bell-metal 
and  is  most  carefully  and  thoroughly  made,  the  long  bearing  of 
the  sockets  insuring  their  firm  and  easy  movement,  while  at 
the  same  time  they  are  entirely  out  of  the  reach  of  dust,  or 
other  source  of  wear. 

When  desired,  the  whole  upper  part  of  the  instrument  can  be 
taken  off  from  the  spindle  by  pulling  out  the  head  of  the  spring 
catch  at  S,  and  when  replaced  will  be  secured  by  the  self-acting 
spring  of  the  catch. 

The  figure  also  shows  the  covers  of  the  levelllng-screws,  the 
shitting  centre  of  the  lower  levelling -plate,  and  the  screw  and 
loop  for  the  attachment  of  the  plummet. 

The  compass-box,  cootainiog  the  needle,  etc.,  is  covered  by 
a  glass  to  exclude  the  molstnre  and  air ;  the  circle  is  silvered, 
and  is  divided  on  its  upper  surface  or  rim  .into  degrees  and 
balf-degrees,  the  degree  marks  being  also  cut  down  on  its  inner 
edge,  and  figured  from  0  to  90  on  each  side  of  the  centre  or 
line  of  zero. 

106.  The  Kagnvtio  Veedle  is  four  to  five  inches  long  in  the 
different  sizes  of  ti'sosits,  its  hrass  cap  having  inaerted  in  it  a 
little  socket  or  centre  of  hardened  steel,  perfectly  polished,  and 
this  resting  upon  the  hardened  and  polished  point  of  the  centre- 
pin,  allows  the  needle  to  play  freely  in  a  horizontal  direction, 
and  thus  take  its  direction  in  the  m^netic  meridian.  Tlie 
needle  has  its  north  end  designated  by  a  scallop  or  other  mark, 
and  on  its  south  end  a  small  coil  of  fine  brass  wire,  easily 
moved,  so  as  to  bring  both  ends  of  the  needle  to  the  same 
level.  The  needle  is  lifted  from  the  pin  by  a  concealed  spring 
underneath  the  upper  plate,  actuated  by  a  screw  shown  above, 
thns  raising  the  button  so  as  to  check  the  vibrations  of  the 
needle,  or  bring  it  up  against  the  glass  when  not  in  use,  to 
avoid  the  unnecessary  wear  of  the  pivot. 
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107.  The  Clamp  and  Tangeot  KoTemeiit,  shown  in  the  eQ- 
gr&ving,  page  64,  attached  to  the  plates,  serveB  to  fasten  the  two 
plateB  together,  bo  that  by  the  tangent  screw  tfaey  can  be  slowly 
moved  arouod  each  other  tn  either  direction,  of  looeened  at  will 
and  moved  by  the  band,  thus  enabling  one  to  direct  the  tele- 
scope rapidly  and  accurately  to  the  point  of  sight. 

The  Two  Leveli  are  shown  placed  at  right  angles  to  each  other 
so  as  to  level  the  plate  in  all  directions,  and  adjusted  by  turn- 
ing the  capstan-head  ecrewB  at  their  ends,  by  a  email  eteel 
ad  justing- pin.  The  glass  vials  used  in  the  levels  are  ground 
on  their  upper  interior  surface,  so  as  to  make  the  bubble  move 
evenly  and  with  great  eensitiveness. 

108.  The  Lower  Plate,  or  Limb  BB,  is  divided  on  its  upper 
surface  — usually  into  degrees  and  half^degrees  —  and  generally 
figured  in  two  rows ;  viz.,  from  0  to  360,  and  from  0  to  90  each 
way. 

109.  The  Vemien  are  double,  having  on  each  side  of  the 
zero  mark  thirty  equal  divisions  corresponding  precisely  with 
twenty -nine  half-degrees  of  the  limb ;  tbey  thus  read  to  single 
minntes,  and  the  number  passed  over  is  counted  in  l^e  same 
direction  in  which  the  vernier  is  moved. 

The  use  of  two  opposite  verniers  in  this  and  other  instru- 
ments gives  the  means  of  "  cross-questioning  "  the  graduations, 
the  perfection  with  which  they  are  centred,  and  the  dependence 
which  can  be  placed  upon  the  accuracy  of  the  angles  indicated. 

Reflectors  of  silver  or  celluloid,  as  in  the  mountain  transit, 
are  often  used  to  throw  more  light  upon  the  divisions,  and  more 
rarely  shades  of  ground  glass  are  employed  to  give  a  clear  but 
more  subdued  light. 

UO.  The  Graduationi  are  made  commonly  on  the  brass  sur- 
face of  the  limb,  afterwards  filled  with  black  wax,  and  then, 
finished  and  silvered.  Many  instniments,  however,  have  a 
solid  silver  plate  put  over  the  brass,  and  the  graduations  made.- 
OD  the  silver  itself. 
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The  last  is  more  costly,  but  iosiires  a  finer  graduatloii,  irlth 
lees  liability  to  tarnish  or  change  color. 

111.  The  Sockete  of  the  transit  are  oompoond ;  the  interior 
spindle  attached  to  the  vernier  plate,  turning  in  the  exterior 
socket  C  when  an  angle  is  taken  on  the  limb ;  but  when  the 
plat«B  are  clamped  together,  the  exterior  socket  itself,  and  with 
it  the  whole  instnunent,  revolves  in  the  socket  of  the  levelling- 
head. 

The  sockets  are  made  with  the  greatest  care,  the  ear&ces 
being  truly  concentric  with  each  other,  and  the  bell-metal  or 
compositJOD  of  which  they  are  composed,  of  different  degrees 
of  hardness,  so  as  to  cause  them  to  move  upon  each  other  easily 
and  with  the  least  possible  wear. 

The  levelling-head  also  consistB  of  two  plates  connected  to- 
gether by  a  socket,  having  at  its  end  a  hemispherical  nut,  fitting 
into  a  corresponding  cavity  in  the  lower  plate. 

The  plates  are  inclined  to  each  other  or  made  parallel  at  will 
by  four  leveUiug-screws,  of  which  only  two  are  shown  in  the 
section. 

The  screws  are  of  bronze  or  hard  composition  metal  and  fitted 
to  long  nuts  of  brass,  screwed  into  the  upper  parallel  plate ; 
and,  as  will  be  noticed,  have  threads  only  on  the  upper  ends, 
the  lower  part  of  then:  st«ms  turning  closely  in  the  lower  un- 
threaded part  of  the  nuts. 

By  this  arrangement  dust  is  excluded  from  the  lower  end  of 
the  screws,  while  the  brass  cover  above  equally  protects  the 
other  end. 

The  screws  rest  in  little  cups  or  sockets,  which  are  secured 
to  their  ends  and  in  which  they  turn  without  marring  the  sur- 
face of  the  lower  plate,  the  cups  also  permitting  the  screws  to 
be  shifted  from  side  to  side,  or  turned  around  in  eitiier  direo- 
ljon  on  the  lower  plate. 

The  damp  and  tangent  movement  of  the  levelling-head  serves 
to  turn  the  whole  instrument  upon  its  sockets,  so  as  to  fix  the 
lelescope  with  precision  upon  any  given  point,  and  when  un- 
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damped  aQowing  it  to  be  directed  approximately  by  hand. 
The  tangeot  Bcrewa,  as  will  be  seen,  press  on  opposite  sides  of 
tiie  clamp-piece,  and  time  insure  a  very  fine  and  solid  movement 
of  the  ii 


112.  The  LoTsr  LereUing-Flate  is  made  in  two  pieces  —  the 
upper  one,  which  is  screwed  fast  to  the  top  ol  the  tripod,  having 
a  la^e  opening  in  its  centre,  in  which  the  smaller  lower  one  is 
shifted  from  side  to  side,  or  tamed  completely  around. 

B;  this  simple  arrangement,  termed  a  shifting  centre,  the 
iostmment  ia  easily  moved  over  the  upper  plate,  and  the  plum- 
met which  hftuge  from  the  centre  /",  set  precisely  over  a  point, 
without  moving  the  tripod. 

U3.  The  Lerelling-Head  of  the  engineer's  transit  is  attached 
to  the  sockets  by  a  screw  and  washer  below ;  it  can  be  removed 
for  cleaning,  oiling,  etc.,  but  should  be  in  place  when  the  in- 
strument is  in  use,  or  packed  for  transportation. 

U4.  The  Tripod  has  three  mahogany  legs,  the  upper  ends 
of  which  are  pressed  fii-mly  on  each  side  of  a  strong  tenon  on 
the  solid  bronze  head  by  a  bolt  and  nut  on  opposite  sides  of  the 
leg ;  the  nut  can  also  be  screwed  up  at  will  by  a  wrench  fur- 
nished for  tiie  parpose,  and  thus  kept  firm. 

The  lower  end  of  the  leg  has  a  brass  shoe  with  iron  point, 
securely  fastened  and  riveted  to  the  wood. 

lis.  ToAdjnst  the  Transit.  Every  instrnment  should  leave 
the  hands  of  the  maker  in  complete  adjustment ;  but  all  are  so 
liable  to  derangement  by  accident  or  careless  use,  that  we  deem 
it  necessary  to  describe  particularly  those  which  are  most  likely 
to  need  attention. 

The  principal  adjustments  of  the  transit  are ; 

1.  TheLeoela. 

2.  The  Line  of  CoBimation. 
8.    The  Standards. 
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116.  To  Adjnit  the  Ler«U.  Set  up  the  instnimeiit  upon  its 
tripod  as  oearl;  level  as  may  be,  and  having  unclaoiped  the 
plates,  bring  the  two  levels  above  and  on  a  line  with  the  two 
pairs  of  levelliDg-screws ;  then,  with  the  tbamb  and  first  finger 
of  each  hand  clasp  the  heads  of  two,  opposite  ;  and,  turning 
both  thumbs  in  or  out,  as  may  be  needed,  bring  the  bubble  of 
the  level  directly  over  the  screws,  exactly  to  the  centre  of  the 
opening.  Without  moving  the  instrument,  proceed  in  the  same 
manner  to  bring  the  otber  bubble  to  its  centre ;  aft«r  doing 
this,  the  level  first  corrected  may  be  thrown  a  little  out ;  bring 
it  in  i^ain ;  and  when  both  are  in  place,  turn  the  instmment 
half-way  around  :  if  the  bubbles  both  come  to  the  centre,  they 
would  need  no  correction,  but  if  not,  with  the  adjusting-pin 
turn  the  small  screws  at  the  end  of  the  levels  until  the  bubbles 
are  moved  over  half  tbe  error;  then  bring  the  bubbles  again 
into  the  centre  by  the  levelling-acrews,  and  repeat  the  operation 
antil  the  bubbles  will  remain  in  the  centre  during  a  complete 
revolution  of  the  instrument,  and  the  adjustmeut  will  be 
complete. 

U7.  To  Adjnit  the  Line  of  CoUimatioii.  To  make  this 
adjustment,  —  which  is,  in  other  words,  to  bi-ing  the  inter- 
section of  the  wires  into  the  optical  axis  of  the  telescope,  so 
that  the  instrument,  when  placed  in  the  middle  of  a  straight 
line,  will,  by  the  revolution  of  the  telescope,  cut  its  extremities, 
—  proceed  as  follows : 

Set  the  instrument  firmly  on  the  ground  and  level  it  care- 
fhlly ;  and  then,  having  brought  the  wires  into  the  focus  of  the 
eye-piece,  adjust  the  object-glass  on  some  well-defined  point, 
as  the  edge  of  a  chimney  or  other  object,  at  a  distance  of  from 
200  to  500  feet ;  determine  if  tbe  vertical  wire  is  plumb,  by 
clamping  the  instmment  firmly  and  applying  the  wire  to  the 
vertical  edge  of  a  building,  or  observing  if  it  will  move  parallel 
to  a  point  taken  a  little  to  one  side :  should  any  deviation  be 
manifested,  loosen  the  cross-wire  screws,  and  by  the  pressnre 
of  the  hand  on  the  head  outside  the  tube,  move  the  ring  around 
until  the  error  is  corrected. 
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The  wires  being  thas  made  respeotirely  bonzontal  and 
Tertical,  fix  their  point  of  intereectioD  on  tbe  object  selected ; 
clamp  tbe  instrument  to  the  apindle,  and  having  revolved  tbe 
telescope,  find  or  place  some  good  object  in  tbe  opposite  diree- 
tioQ,  and  at  about  the  same  distance  from  the  instrument  aa 
the  first  object  assumed. 

Great  care  should  always  be  taken  in  turning  Ibe  telescope, 
that  tbe  position  of  the  instrument  upon  the  spindle  is  not  in 
the  slightest  degree  disturbed. 

Now,  having  found  or  placed  an  object  which  the  vertical 
wire  bisects,  unclamp  tbe  instrument,  tarn  it  half-way  around, 
and  direct  the  telescope  to  the  first  object  selected ;  having 
bisected  this  with  the  wires,  again  clamp  the  instrument, 
revolve  the  telescope,  and  note  if  the  vertical  wire  bisects  the 
second  object  Observed. 

Should  this  happen,  it  will  indicate  that  the  wires  are  in 
adjustment,  and  the  points  bisected  are  with  that  of  the  centre 
of  the  instrument,  in  the  same  straight  line. 

If  not,  however,  the  space  which  separates  the  wires  from 
the  second  point  observed,  will  be  double  the  deviation  of  that 
point  from  a  true  straight  line,  which  may  be  conceived  as 
drawn  throngh  the  first  point  and  the  centre  of  the  instrument, 
since  the  error  is  tbe  result  of  two  observations,  made  with  the 
wires  when  they  are  out  of  the  optical  axis  of  the  telescope. 


For,  as  in  tlie  diagram,  let  A  represent  the  centre  of  the 
instrument,  and  BC  the  imaginary  straight  line,  upon  the  ex- 
tremities of  which  the  tine  of  coUimation  is  to  be  adjusted. 

B  represents  the  object  first  selected,  and  D  the  point  which 
the  wires  bisected,  when  tiie  telescope  was  made  to  revolve. 

When  the  instrument  ia  turned  half  around,  and  the  telescope 
agun  directed  to  B,  and  once  more  revolved,  the  wires  will 


)v  Google 


74  PLANE  SUEVBTING. 

bisect  an  object  E,  situated  aa  f ar  to  one  side  of  the  trne  line 
as  the  point  i>  is  on  the  other  side. 

The  space  DE,  is  therefore  the  snm  of  two  deviations  of  the 
wires  from  a  true  straight  line,  and  the  error  is  made  very 
apparent. 

In  order  to  correct  it,  use  the  two  capstan-head  screws  on 
the  sides  of  the  telescope,  these  being  the  ones  which  affect  the 
position  of  the  vertical  wire. 

Remember  ttiat  the  eye-piece  inverts  the  position  of  the 
wires,  and  therefore,  that  in  loosening  one  of  the  screws  and 
tightening  the  other  on  the  opposite  side,  the  operator  must 
proceed  as  if  to  increase  the  error  observed.  Having  in  this 
manner  moved  back  the  vertical  wire  until,  by  estimation,  one- 
quarter  of  the  space  DE  has  been  passed  over,  return  the 
instrument  to  the  point  B,  revolve  the  telesc6pe,  and  if  the 
correction  has  been  carefully  made,  the  wires  will  now  bisect  a 
point  C,  situated  midway  between  D  and  E,  and  in  the  pro- 
longation  of  the  imaginary  line,  passing  through  the  point  B 
and  the  centre  of  the  instrument. 

To  ascertain  if  such  is  the  case,  turn  the  instrument  half 
around,  fix  the  telescope  upon  B,  clamp  to  the  spindle,  and 
again  revolve  the  telescope  towards  C.  If  the  wires  again 
bisect  it,  it  will  prove  thst  they  are  in  adjustment,  and  that 
the  points  B,  A,  C,  all  lie  in  the  same  straight  line. 

Should  the  vertical  wire  strike  to  one  side  of  O,  the  error 
must  be  corrected  precisely  as  above  described,  until  it  Is 
entirely  removed. 

lis.  To  Adjiut  the  Btandardi.  In  order  that  the  wires  ma; 
trace  a  vertical  line  as  the  telescope  is  moved  ap  or  down,  it  is 
necessary  that  both  the  standards  of  the  telescope  should  be  of 
precisely  the  same  height. 

To  ascertain  this  and  make  the  correction  if  needed,  proceed 
as  follows : 

Having  the  line  of  collimatjon  previously  adjusted,  set  np  the 
instmment  in  a  position  where  points  of  observation,  snch  as 
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the  p<Aat  and  base  of  &  lofty  spire,  can  be  selected,  giring  a 
ioDg  raDge  Id  a  vertical  direction. 

Level  the  instrament,  fix  the  wires  on  the  top  of  the  object, 
and  clamp  to  the  spiDdle ;  then  bring  the  telescope  down,  untU 
the  wires  bisect  some  good  point,  either  fonnd  or  marked  at  the 
base ;  turn  the  inetrameDt  half  around,  fix  the  wires  on  the 
lower  point,  clamp  to  the  spindle,  and  raise  the  telescope  to 
the  highest  object. 

If  the  wires  bisect  it,  the  vertical  adjustment  is  effected  ;  if 
they  are  thrown  to  either  side,  tbis  would  prove  tbat  die  stand- 
ard opposite  that  side  was  the  highest,  the  apparent  error  being 
double  tbat  actually  dnc  to  this  cause. 

To  correct  it,  one  of  the  bearings  of  the  axis  is  made  mov- 
able, BO  that  by  turning  a  screw  underneath  this  sliding  piece, 
oa  well  as  the  screws  which  hold  on  the  cap  of  IJie  standard,  the 
adjustment  is  made  with  the  utmost  precision. 

Other  ADJUSTHBine  op  the  Tran31t. 

Besides  the  three  adjnstments  already  described  —  which  are 
all  tbat  the  surveyor  will  ordinarily  have  to  make  —  there  are 
those  of  the  needle  and  the  object-glass  slide  which  may  some- 
times be  required. 

The  first  is  given  with  the  description  of  the  compass ;  the 
last  will  now  be  described. 

119.  To  Adjust  the  Objeet-Slide.  Having  eet  up  and  levelled 
the  Instrument,  the  line  of  coUimation  being  also  adjusted  for 
objects  from  300  to  500  feet  distant,  clamp  the  plates  securely, 
and  fix  the  vertical  cross-wire  upon  an  object  as  distant  as  may 
be  distinctly  seen;  then,  without  disturbing  the  instrument, 
throw  out  the  object-glasB,  so  as  to  bring  the  vertical  wire  upon 
an  object  as  near  as  the  range  of  the  telescope  will  allow. 
Having  this  clearly  in  mind,  nnclamp  the  limb,  turn  the  instru- 
ment half-way  around,  reverse  the  eye-end  of  the  telescope, 
clamp  the  limb,  and  with  the  tangent-screw  bring  the  vertical 


)v  Google 


76  PLANE    SURVEYING. 

vire  g^iD  upon  the  near  object ;  tbeo  draw  in  the  object-^laaa 
elide  until  the  distant  object  first  sighted  upon  is  brought  into 
distinct  vision.  If  the  vertical  wire  strikes  the  same  line  as  at 
first,  the  slide  is  correct  for  both  near  and  remote  objects ;  and, 
being  itself  straight,  for  all  distances. 

But  if  there  be  an  error,  proceed  as  follows ;  first,  with  the 
thumb  and  forefinger  twist  off  the  thin  brass  tube  that  covers 
the  screws  CC  shown  in  the  sectional  view  of  the  telescope, 
p.  65.  Next,  with  the  screw-driver,  turn  the  two  screws  CC 
on  the  opposite  tidet  of  the  telescope,  loosening  one  and  tight- 
ening the  other,  so  as  apparently  to  increase  the  error,  making, 
by  estimation,  one-tialf  the  correction  required. 

Then  go  over  the  usual  adjustment  of  the  line  of  collimation, 
and  having  it  completed,  repeat  the  operation  above  described ; 
first  sighting  upon  the  distant  object,  then  finding  a  near  one 
in  line,  and  then  reversing,  making  correction,  etc.,  until  ^le 
adjustment  is  complete. 

120.  To  Use  the  Transit.  The  instrument  should  be  set  up 
firmly,  the  tripod  legs  being  pressed  Into  the  ground,  so  as  to 
bring  the  plates  aa  nearly  level  as  convenient ;  the  plates  shoald 
then  be  carefully  levelled  and  properly  clamped,  the  zeixw  of  the 
veruiers  and  limb  brought  into  line  by  the  upper  tangent-screw, 
and  the  telescope  directed  to  the  object  by  the  tangent-screws 
of  tevelling-head. 

The  angles  taken  are  then  read  off  upon  the  limb,  without 
subtracting  from  those  given  by  the  verniers,  in  any  other 
position. 

Before  an  observation  ia  made  with  the  telescope,  the  eye- 
piece should  be  moved  in  or  out,  until  the  wires  appear  distinct 
to  the  eye  of  the  operator ;  the  object-glass  is  then  adjusted  by 
turning  the  pinion-head  until  tiie  object  is  seen  clear  and  well- 
defined,  and  the  wires  appear  as  if  fastened  to  its  surface. 

The  intersection  of  the  wires,  being  the  means  by  which  the 
optical  axis  of  the  telescope  is  defined,  should  be  brought  pre- 
cisely  upon  the  centre  of  the  object  to  which  the  instrument  is 
directed. 
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The  needle  is  used,  as  in  the  compass,  to  give  the  bearing  of 
lines,  and  as  a  rongh  check  upon  the  angles  obtained  by  the 
verniers  and  limb ;  but  its  employment  is  only  eabsidiary  to  tbe 
general  purposes  of  the  transit. 

121.  Attaohmesta  of  Traniits.  The  engraving  of  the  Snr- 
veyoHs  Transit  represents  the  attachments  often  applied  to  the 
Engineer's  Transit,  viz. :  vertical  circle,  level  on  telescope, 
and  clamp  and  tangent  to  telescope  axis.  They  are  of  nae 
where  approximate  levelling  and  vertical  angles  are  to  be  taken 
in  connection  with  the  ordinary  use  of  the  transit,  and  with 
their  adjustments,  etc.,  will  now  be  described. 

122.  The  Tertioal  Circle  firmly  secured  to  the  axis  of  the 
telescope  is  4^  inches  in  diameter,  plated  with  silver,  divided  to 
half-degrees,  and  with  Its  vernier  enables  the  surveyor  to  obtain 
vertical  angles  to  single  minutes. 

123.  The  Level  on  Telescope  consists  of  a  braes  tube  about 
6^  inches  long,  each  end  of  which  is  held  between  two  capstan- 
nnts  connected  with  a  screw  or  stem  attached  to  the  under  side 
of  the  telescope  tube. 

124.  The  Clamp  and  Tangent  consists  of  an  arm  at  one  end 
encircling  the  telescope  axis,  and  at  the  other  connected  with 
the  taugent-screw ;  the  clamp  is  fastened  at  will  to  the  axis  by 
a  clamp-Bcrew,  inserted  at  one  side  of  the  ring,  and  then  by 
turning  the  tangent^screw  the  telescope  is  raised  or  lowered  as 
desired. 

125.  To  Adjnit  the  Vertical  Circle.  Having  the  instrument 
firmly  set  up  and  carefully  leveled,  bring  into  line  the  zeros  of 
the  circle  and  vernier,  aud  with  the  telescope  find  or  place  some 
well-defined  point  or  line,  from  200  to  300  feet  distant,  which 
is  cut  by  the  horizontal  wire. 

Turn  the  instrument  half-way  around,  revolve  the  telescope, 
and  fixing  the  wire  upon  the  same  point  as  before,  note  if  the 
zeros  are  again  iu  line. 
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If  not,  looeen  the  capstan-head  acrews,  which  fasteii  the 
vernier,  and  move  the  zero  of  the  vernier  over  half  the  error ;  • 
bring  the  zeros  again  into  coincidence,  and  proceed  precisely  as 
at  first,  until  the  error  is  entirely  corrected,  when  the  adjust- 
ment will  be  complete. 

Tbia  method  is  not  applicable  when  only  an  arc  of  &  circle  is 
attached.  The  adjustment  may  then  be  made  aa  followe : 
Observe  snccessively  from  each  of  the  two  points  to  the  other, 
and  as  before  use  half  the  error  in  adjusting  the  vernier. 
Verify  by  repetition. 

A  slight  error  may  be  most  readily  removed  by  putting  the 
zeros  in  line  and  then  moving  the  wire  itself  over  half  the 
interval. 

126.  Ths  Lenl  ia  Adjusted  by  bringing  the  bubble  carefully 
into  the  centre  by  the  nute  at  each  end ;  and  when  there  is  a 
vertical  circle  on  the  instrument,  this  should  be  done  when  the 
zeros  of  circle  and  vernier  are  in  line  and  in  adjustment ;  when 
there  is  no  vertical  circle,  proceed  as  follows ; 

127.  To  Adjnit  tlie  Lerel  oil  Teleaoope.  Choose  a  piece  of 
ground  nearly  level,  and  having  set  the  instrument  firmly,  level 
the  plates  carefully,  and  bring  the  bubble  of  the  telescope  into 
the  centre  with  the  tangent-screw.  Measure  in  any  direction 
from  the  instrument,  from  100  to  300  feet,  and  drive  a  stake, 
and  on  the  stake  set  a  staff,  and  note  the  height  cut  by  the 
horizontal  wire ;  then  take  the  same  distance  from  the  instru- 
ment in  an  opposite  direction,  and  drive  another  stake. 

On  that  stake  set  the  staff,  and  note  the  height  cut  by  the 
wire  when  the  telescope  is  turned  in  that  direction. 

The  difference  of  the  two  observations  is  evidently  the  dif- 
ference of  level  of  the  two  stakes. 

Set  the  instrument  over  the  lowest  stake,  or  that  npon  which 

■  Called  Index  Error.  It  maj  be  r«etilled  M  here  ahown,  or  CMth  obwi- 
TktioD  corrected  bj  thit  amount. 


)v  Google 


DE8CKIPT10N   OP  INSTBUMESTa.  79 

the  greatest  height  was  indicated,  and  bring  tbe  levels  on  the 
plates  and  telescope  into  adjustment  as  at  first. 

Tben,  with  the  etaGF,  measure  the  perpendicular  distance  from 
the  top  of  the  stake  to  the  centre  of  one  of  the  horizontal  cross- 
wire  screw-heads  ;  from  that  distance  subtract  the  difference  of 
level  between  tbe  two  stakes  and  mark  the  point  on  the  staff 
thus  found ;  place  the  staff  on  the  other  stake,  and  with  the 
tangent-screw  bring  the  horizontal  wire  to  the  mark  just  foand, 
and  the  line  will  be  level. 

The  telescope  now  being  level,  bring  the  bnbble  of  tbe  level 
into  the  centre,  by  turning  the  little  nuts  at  the  end  of  the  tube, 
and  noting  again  if  the  wires  cut  the  point  on  the  staff ;  screw 
up  the  nuts  firmly  and  the  adjustment  will  be  completed. 

128.  To  Take  Apart  the  Suireyor'a  Transit.  When  it  is 
necessary  to  separate  the  plates  of  the  transit,  proceed  as 
follows : 

(1)  Remove  the  clamp-screw  and  take  off  the  head  of  the 
pinion,  both  on  the  north  end  and  outside  the  compass  circle. 

(2)  Unscrew  the  bezel  ring  containing  the  glass  cover  of  the 
compass,  remove  the  needle  and  button  beneath  it,  and  take 
out  the  two  small  screws  so  as  to  remove  the  disc. 

(3)  Take  the  instrument  from  its  spindle,  and  with  a  large 
screw-driver  take  out  the  screw  from  the  underside  of  the  coni- 
cal centre  (see  figure,  p.  67). 

(4)  Drive  out  the  centre  from  below  by  a  round  piece  of 
wood,  holding  the  instrument  vertical  so  that  the  centre  will 
not  bruise  tbe  circle. 

(5)  Set  the  instrument  again  upon  its  spindle,  take  out  the 
clamt)-screw  to  tbe  tangent  movement  of  the  limb,  and  the  work 
is  complete.  To  put  the  transit  tc^tber  again,  proceed  exactly 
the  reverse  of  the  operation  thus  described. 

129.  ^le  Solar  Attaohment  is  essentially  the  solar  apparatus 
of  Burt  placed  upon  tbe  ci-oss-bar  of  the  ordinary  transit,  the 
polar  axis  only  being  directed  above  instead  of  below,  as  in  the 
solar  compass. 
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A  littie  cinmlar  disc  of  an  inch  and  s  half  diameter,  and  hav- 
ing a  short,  roand  pivot  projecting  above  its  upper  Burface,  is 
first  aeonrely  screwed  to  the  telescope  axis. 

Upon  this  pivot  rests  the  enlaiged  base  of  the  polar  axis,  which 
is  also  firmly  connected  with  the  disc  by  foar  capstan-head 
screws  passing  from  the  noder  side  of  the  disc  into  the  base 
already  named. 

These  screws  serve  to  adjust  the  polar  axis,  as  will  be  ex- 
plained hereafter. 

130-  The  Hour  Circle  surrounding  the  base  of  the  polar  axis 
is  easily  movable  about  it,  and  can  be  fastened  at  any  point 
desired  by  two  fiat-head  screws  above.  It  is  divided  to  fire 
minutes  of  time ;  is  figured  from  I.  to  Xn.,  and  is  read  by  a 
small  Index  fixed  to  the  declination  circle,  and  moving  with  it. 

A  hollow  cone,  or  socket,  fitting  closely  to  the  polar  axis, 
and  made  to  move  snogly  upon  it,  or  clamped  at  any  point 
desired  by  a  milled-he&d  screw  on  top,  furnishes  by  its  two 
expanded  arms  below  a  firm  support  for  the  declination  arc, 
which  is  securely  fastened  to  it  by  two  large  screws,  as  shown. 

131  The  Declination  An  is  of  about  5  inches  radius,  is 
divided  to  quarter  d^rees,  and  reads  by  ite  vernier  to  single 
minutes  of  arc,  the  divisions  of  both  vernier  and  limb  being  in 
the  same  plane. 

The  declination  arm  has  the  usual  lenses  and  silver  plates  on 
the  two  opposite  blocks,  made  precisely  like  those  of  the  ordi- 
nary solar  compass,  but  its  vernier  is  outside  the  block,  and 
more  easily  read. 

The  decliuation  arm  has  also  a  clamp  and  tangent  movement, 
as  shown  in  the  cut.  The  arc  of  the  declination  limb  is  turned 
on  ite  axis,  and  one  of  the  other  solar  lens  used,  as  the  sun  is 
north  or  south  of  the  equator ;  the  cut  shows  Mb  position  when 
it  is  Dortb. 

The  Latitude  is  set  off  by  means  of  a  lai^  vertical  limb  hav- 
ing a  radios  of  2^  inches ;  the  arc  is  divided  to  twenty  nunutes, 
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is  figored  from  the  centre,  eaoh  w&y,  up  to  S0°,  and  ia  read  b; 
its  vernier  to  single  miautee. 

It  has  also  a  clamp-screw  inserted  near  its  cenlare,  by  which 
it  can  be  set  fast  to  the  telescope  axis  in  an;  desired  position. 

The  veraier  of  the  vertical  limb  is  made  movable  by  the 
tangent-screw  attached,  so  that  its  zero  and  that  of  the  limb 
are  readily  made  to  coincide  when,  in  adjusting  the  limb  to  the 
level  of  the  telescope,  the  arc  is  clamped  to  the  axis. 

The  usual  tangent  movement  to  the  telescope  axis  serves,  of 
course,  to  bring  the  vertical  limb  to  the  proper  elevation,  as 
hereafter  described. 

A  level  on  the  under  side  of  the  telescope,  with  ground  vial 
and  scale,  is  indispensable  in  the  use  of  the  solar  attachment. 

The  divided  arcs,  verniers,  and  hour  circle,  are  all  on  silver 
plate,  and  are  thus  easily  read  and  preserved  ftom  tarnishing. 


The  ADjnaTMENTS. 

132.  The  Solar  Lenses  and  Line*  are  adjusted  precisely  like 
those  of  the  ordinary  solar,  the  declination  arm  being  first  de- 
tached by  removing  the  clamp  and  tangent  screws,  and  the 
conical  centre  with  its  two  small  screws,  by  which  the  arm  is 
attached  to  the  arc. 

The  adjuster,  which  is  a  short  bar  fnmished  with  every 
instrument,  is  then  substituted  for  the  declination  arm,  the 
conical  centre  screwed  into  its  place  at  one  end,  and  the 
clamp-screw  into  the  other,  being  inserted  through  the  bote  left 
by  the  removal  of  the  tangent-screw,  thus  securing  the  adjuster 
firmly  to  the  arc. 

The  arm  is  then  turned  to  the  sun,  as  described  in  the  article 
on  the  Solar  Compass,  and  reversed  by  Ibe  opposite  faces  of 
the  blocks  upon  the  adjuster,  until  the  image  will  remain  in  the 
centre  of  the  equatorial  lines.  This  adjustment  is  very  rarely 
needed,  as  the  lenses  are  cemented  in  their  cells,  and  the  plates 
securely  fastened. 
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133.  The  Vernier  of  tlie  Deolinatiini  Arc  is  adjusted  b;  set- 
ting ttie  vernier  at  zero,  and  then  raising  or  lowering  the  tele- 
scope by  the  tangent-ecrew,  until  the  sun's  image  appears  exactly 
between  the  equatorial  lines. 

Having  the  telescope  axis  clamped  firmly,  carefully  revolve 
the  arm  until  the  image  appears  on  the  other  plate. 

If  precisely  between  the  lines,  the  adjustment  is  complete ; 
if  not,  move  the  declination  arm  by  its  tangent-screw,  nntil  the 
image  will  come  precisely  between  the  lines  on  the  two  opposite 
plates  ;  clamp  the  arm  and  remove  the  index  error  by  loosening 
two  flat-head  screws  on  the  back,  which  fasten  the  movable  arc 
to  the  declination  limb  ;  place  the  zero  of  the  limb  and  vernier 
in  exact  coincidence  and  the  adjuetment  is  finished. 

134.  To  Adjnct  the  Polar  Axii.  First  level  the  instmment 
carefully  by  the  long  level  of  the  telescope,  using  in  the  opera- 
tion the  tangent  movement  of  the  telescope  axis  in  connection 
with  the  levelling  screws  of  the  parallel  plates,  until  the  bubble 
wiU  remain  in  the  centre  during  a  complete  revolution  of  the  in- 
strument upon  its  axis. 

Place  the  equatorial  sights  on  the  top  of  the  blocks  as  closely 
as  is  practicable  with  the  distinct  view  of  a  distant  object ;  and 
having  previously  set  the  declination  arm  at  zero,  sight  through 
tlie  interval  between  the  equatorial  sights  and  the  blo(^  at  some 
definite  point  or  object,  the  declination  arm  being  placed  over 
either  pair  of  the  capstan-head  screws  on  the  under  side  of  the 
disc. 

Keeping  the  declinatioD  arm  upon  the  object  with  one  hand, 
with  the  other  turn  the  instrument  half  around  on  its  axis,  and 
sight  upon  the  same  object  as  before.  If  tbe  sight  strikes 
eitlier  above  or  below,  move  the  two  capstan-head  screws  imme- 
diately under  ihe  arm,  loosening  one  and  tightening  the  otber 
as  may  be  needed,  until  half  the  error  is  removed. 

Sight  again  and  repeat  the  operation,  if  needed,  until  tbe 
sight  will  strike  the  same  object  in  both  positions  of  ^le  instm- 
ment, when  tiie  adjustment  of  the  axis  in  one  direction  will  be 
complete. 
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Now  tarn  the  instrument  at  right  angles,  keeping  the  sight 
still  upon  the  same  object  ae  before ;  if  it  stiikes  the  same  point 
when  sighted  through,  the  axis  will  be  truly  vertical  in  the  sec- 
ond position  of  the  inatrument. 

If  not,  bring  the  sight  upon  the  same  point  by  the  other  pair 
of  capstan-head  screws  now  under  the  declination  arc,  reverse 
as  before,  and  continue  the  operation  until  the  same  object  will 
keep  in  Uie  sight  in  all  positions,  when  the  polar  axis  will  be 
made  precisely  at  right  angles  to  the  level  and  to  tiie  line  of 
collimation  of  the  transit. 

It  should  here  be  noted  that  as  this  is  by  far  the  most  delicate 
and  impoitant  adjustment  of  the  solar  attachment,  it  should  be 
made  with  tbe  greatest  care,  the  bubble  kept  perfectly  in  tJie 
centre  and  frequently  inspected  in  the  course  of  the  operation. 

135-  To  Adjnit  the  Hou  Arc.  Whenever  the  instmmeDt  is 
set  in  the  meridian,  as  will  be  hereafter  described,  the  index  of 
the  hour  arc  should  read  apparent  time. 

If  not,  loosen  the  two  flat-head  screws  on  the  top  of  the  hoar 
circle,  and  with  the  band  turn  the  circle  around  until  it  does, 
fasten  the  screws  again,  and  the  adjustment  will  be  complete. 

To  obtain  mean  time,  of  course  the  coiTection  of  the  equa- 
tion for  the  given  day,  as  given  ia  the  Nautical  Almanac,  must 
always  be  applied. 

136.  To  Find  Hie  Iiatitode.  First  level  the  instrument  very 
carefully,  using,  as  before,  the  level  of  the  telescope  until  the 
bubble  will  remain  in  the  centre  during  a  complete  revolution 
of  the  instnmient,  the  tangent  movement  of  the  telescope  being 
used  in  connection  witb  the  levelling  screws  of  the  parallel  plates, 
and  the  axis  of  the  telescope  firmly  clamped. 

Next  clamp  the  vertical  arc  bo  that  its  zero  and  that  of  its 
vernier  coincide  as  near  as  may  be,  and  ^len  bring  them  into 
exact  line  by  the  tangent-screw  of  the  vernier. 

Then,  having  the  declination  of  the  sun  for  12  o'clock  of  the 
given  day  as  affected  by  the  meridional  refraction  carefully  set 


)v  Google 


86  PLANE  BURVBYENG. 

off  Upon  the  declination  arc,  note  also  the  equation  of  time  and 
fifteen  or  twenty  minutes  before  noon,  the  teleacope  being 
directed  to  the  north,  and  the  object-end  lowered  until,  by 
moving  the  instrumeut  npon  its  spindle  and  the  declination  ara 
from  Bide  to  eide,  the  sun'e  im^e  ia  brought  nearly  ioto  posi- 
tion  between  the  equatorial  lines.  Now  bring  the  deolination 
arc  directly  in  line  with  the  telescope,  clamp  the  axis  firmly, 
and  with  the  tangent-screw  bring  the  image  precisely  between 
the  lines  and  keep  it  there  with  the  tangent-screw,  raising  it  ae 
long  as  it  runs  below  the  lower  equatorial  line,  or,  in  other 
words,  as  long  as  the  sun  continues  to  rise  in  the  heavens. 

When  the  sun  reaches  the  meridian  the  image  will  remain 
stationary  for  an  instant,  and  then  begin  to  rise  on  the  plate. 

The  moment  the  image  ceases  to  run  below  is  of  course  ap- 
parent noon,  when  the  index  of  the  hour  arc  should  iudicate 
XII,  and  the  latitude  be  determined  by  the  reading  of  the  ver- 
tical arc. 

It  must  be  remembered,  however,  that  the  angle  through 
which  the  polar  axis  has  moved  in  the  operation  just  described 
is  measured  from  the  zenith  instead  of  the  horizon,  as  in  the 
ordinary  solar,  so  that  the  angle  read  on  the  vertical  limb  is  the 
complement  of  the  latitude. 

The  latitude  itself  is  readily  found  by  subtracting  this  angle 
from  90° ;  thus  at  Troy,  the  reading  of  the  limb  being  found  as 
abov?  directed  to  be  47°  16',  the  latitude  will  be 

90°-47°ie'  =  42°44'. 

It  will  be  noticed  that  with  this  apparatus  the  latitude  of  any 
place  can  be  most  easily  ascertained  without  any  index  error, 
as  in  the  usual  solar  compass. 

137.  To  Use  the  Solar  Attaoluiieiit.  From  the  foregoing  de- 
scription it  will  be  readily  understood  that  good  results  cannot 
bn  obtained  from  the  solar  attachment  unless  the  transit  is  of 
good  construction, — furnished  with  the  apphances  of  a  level  on 
telescope,  clamp  and  tangent  movement  to  axis,  and  vertical 
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arc  witii  at^aetable  vernier,  and  the  sockets  or  centres  id  such 
ctinditioD  that  the  level  of  the  teleocope  will  remain  in  the  cen- 
tre when  the  inetrumeDt  is  revolved  upon  either  socket. 

138.  To  Bon  LiiiM  with  the  Solar  Attaehment.  Having  set 
off  the  complement  of  the  latitude  of  the  place  on  the  vertical 
arc,  and  the  declination  for  the  given  day  and  hour  as  in  the 
solar,  the  instrument  being  also  carefully  levelled  by  the  tele- 
scope bubble,  set  the  horizontal  limb  at  zeixi,  and  clamp  the 
plates  together,  loosen  the  lower  clamp  so  that  the  transit 
moves  easily  upon  its  lower  socket,  set  the  instrument  approxi- 
mately north  and  south,  the  object-end  of  the  telescope  point- 
ing to  the  north,  turn  the  proper  solar  lens  to  the  sun,  and, 
with  one  hand  on  the  plates  and  the  other  on  the  revolving  arm, 
move  them  from  side  to  side,  until  the  sun's  image  is  brought 
between  the  equatorial  lines  on  the  silver  plate. 

The  lower  clamp  of  the  instrument  should  now  be  fastened, 
and  any  further  lateral  movement  be  made  by  the  tangent- 
screw  of  the  tripod.  The  necessary  allowance  being  made  for 
refraction,  the  telescope  will  be  in  the  true  meridian,  and  being 
undamped,  may  be  used  like  the  sights  of  the  ordinary  solar 
compass,  but  with  far  greater  accuracy  and  satisfaction  in 
establishing  meridian  lines.  Of  course  when  the  upper  or 
vernier  plate  is  undamped  from  the  limb,  any  angle  read  by  the 
veroiere  is  an  angle  from  the  meridian,  and  thus  parallels  of 
latitude  or  any  other  angles  from  the  true  meridian  may  be 
established  as  with  the  solar  compass. 

The  bearing  of  the  needle,  when  the  t«lescope  is  on  the  meri- 
dian, will  also  give  the  variation  of  the  needle  at  the  point  of 
observation. 

The  declination  of  the  needle  being  set  off,  and  the  needle 
kept  then  at  zero,  or  "  with  the  sun,"  lines  may  be  run  by  the 
needle  alone  when  the  sun  is  obscured. 

Though  when  not  inconsistent  with  the  remarks  following  the 
table  on  page  95,  the  sun  should  be  observed  for  direction  at 
every  station. 
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The  Saegmuller  Aitacbuent. 

139.  As  Been  in  the  engraving  on  the  opposite  page,  it 
coDSiBta  essentially  of  a  small  telescope  and  level,  the  telescope 
being  mounted  in  standards,  in  which  it  can  be  elevated  or 
depressed.  The  standarde  revolve  around  an  axis,  called  the 
polar  axis,  which  is  fastened  to  the  telescope  axis  of  the  transit 
instmment.  The  telescope,  called  the  "  Solar  Telescope,"  can 
thus  be  moved  in  altitude  and  azimuth.  Tno  pointers,  attached 
to  the  solar  telescope  to  approximately  set  the  instrument,  are 
BO  adjusted  that  when  the  shadow  of  the  one  is  thrown  upon 
the  other  the  sun  will  appear  in  the  field  of  view. 

140.  AdJTUtDienti.  When  the  apparatus  is  attached  to  the 
transit,  which  instrument  must  be  in  good  adjustment,  its  polar 
axis  ahouM  be  at  right  angles  both  to  the  horizontal  axis  of  the 
main  telescope  and  to  the  line  of  coUimaiion. 

Test.  Level  the  transit,  and  bring  the  bubble  of  each  tele- 
scope to  the  centre  of  its  run.  Revolve  the  solar  telescc^ 
about  its  polar  axis,  and  if  lbs  bubble  remains  central,  this  ad- 
justment is  complete.  If  not,  correct  half  the  movement  by 
the  adjusting  screws  at  the  base  of  tbe  polar  axis,  and  the  other 
by  revolviug  tbe  solar  telescope  on  its  horizontal  axis. 

lU.  Second.  TTie  line  of  mtlimation  of  the  solar  t^escope 
and  the  axis  of  its  attached  level  mttsl  be  parallel. 

Test.  Bring  the  telescopes  into  the  same  vertical  plane,  and 
the  large  bubble  to  tbe  middle  of  its  run.  Direct  then  tbe  tran- 
sit telescope  to  a  mark  at  a  convenient  distance  away,  say  100 
feet;  point  also  the  "  solar"  to  a  mark  above  this  equal  to  tbe 
distance  between  their  axes.  If  now  the  bubble  of  the  solar 
telescope  is  not  in  tbe  middle  of  the  tube,  malce  it  so  by  the 
adjusting  screws,  and  the  instrument  will  be  in  adjustment. 

When  the  combined  instrument  is  in  proper  adjustment  the 
bubbles  of  the  telescopes  and  plates  will  be  in  the  middle  of 
tiieir  tubes,  and  the  lines  of  collimation  parallel. 
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All  the  adJuBtmentB,  includiog  those  of  the  traDsit,  should  be 
frequently  examined,  and  kept  aa  nearly  perfect  as  possible. 

142.  The  advantages  of  solar  attochmeDts  over  the  ordinary 
Bolar  (Hsmpasfi  coDsist  priocipally  in  the  telescopic  eight,  and  the 
□Be  of  a  vertical  limb  to  set  off  declination  and  co-lstitude. 


By  ike  Sun.  —  With  Saegmvllei'8  Attachmeiit. 

143.  Level  the  traoait  carefully,  point  the  telescope  south, 
and  elevate  or  depress  the  object^nd,  according  as  the  decli- 
nation of  the  sun  is  south  or  north,  an  amonut  equal  to  the 
declination.*  Bring  the  solar  telescope  into  the  vertical  plane 
of  the  main  telescope,  level  it  carefully,  and  clamp  it.  With 
tfae  solar  telescope  observe  the  sun  a  few  minutes  before  his 
culmination,  bring  the  horizontal  middle  wire  tangent  to  the 
upper  limb  by  moving  the  transit  telescope  in  altitude  and 
azimuth,  and  keep  it  so  by  the  slow-motion  screws  until  the  sun 
ceases  to  rise.  Then  take  the  reading  of  the  vertical  arc.  cor- 
rect for  index  error,  if  any,  for  refraction  due  to  altitude, t  as 
per  table  below ;  diminish  the  reanit  by  the  sun's  semi-diameter, 
and  subtract  the  result  from  90°  for  the  latitnde. 

■  For  declination,  consult  a  nautical  almanac. 

t  Corrected  for  Index  error,  the  arc  reading  would  be  the  aam  of  the 
co-latitude  and  refraction.  The  refraction  being  due  to  the  meridian  alti- 
tude ol  the  sun,  vhich  altitude  in  the  United  States  i«  equal  to  the  alge- 
braic lUQi  of  the  declination  and  co-latitude. 
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t  Mkut  Rktbaotioks  of  Cblbstul  Objzots  vok  T>MPn- 

ATDBB   W,   AND  BaBOMBTBR  29.6   IhGHKS. 


Ai.iiTin>c. 

Altitddb. 

RsrucnoH. 

10° 

6'  16" 

20° 

2' 35" 

11 

4  47 

2G 

2  02 

IS 

4  23 

30 

1   38 

13 

4  03 

36 

1   21 

U 

3  45 

40 

1   08 

IG 

3  30 

46 

0  67 

16 

3   17 

60 

0  48 

17 

3  04 

flO 

0  33 

18 

2  £4 

70 

0   21 

19 

2  44 

80 

0   10 

By  intarpolfition,  the  refraction  due  to  aay  altitude  within  the 
limits  of  the  table  may  be  found. 


LATITCIkE   BT   ClBCCHPOLAB  StAB. 

144.    "^B  ■"=  meunring  the  angle  of  eleration  of  tlie  pole  M  any 

lUtion  indicalei  the  latitude  of  that  ttation.  If,  then,  the  place  of  the  pole 
were  indicated  by  a  heavenl?  body,  its  altitude  meamred  and  L-orrected 
for  refraction  would  (cive  at  once  the  latitude. 

There  being  no  such  bodj,  a  circumpolar  star  may  be  lued.  Take  ila 
aldmde  at  erther  culmination,  subtract  refraction  due  to  altitude,  and  the 
remaiDder,  increaied  or  diminiehed  by  the  polar  distance  according  ai  the 
loirer  oi  upper  culmlnatioEi  was  observed,  will  give  the  latitude. 

Better,  irheQ  practicable,  to  observe  both  culminationa,  correct  for  re- 
fraction, and  take  the  arithmetical  mean  of  the  result.  Still  greater  accu- 
racy would  be  obtained  by  taking  the  mean  of  obserrations  at  upper  and 
lower  tnuuit  of  leveral  circumpolar  stars. 

If  A  and  A'  respectively  denote  the  angles  meatnring,  from  the  north, 
the  altitudes  of  a  circumpolar  star  at  ila  upper  and  lower  culminatlona, 
and  r  and  r'  the  corresponding  refr«ctioa(,  then, 

Utitude  =  \lA-\-A<~(r  +  r')1. 
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To  Fdtd  thz  Mkbidiak  axd  Declination  of  the  Needle, 

VaiKd  THE  ATrACHUEMT.* 

145.  First.  Take  the  declinatioo  of  the  sun  as  given  in  Que 
Nantical  Almanac  for  the  given  day,  and  correct  it  for  rethic* 
tion  and  hourly  change.  Incline  the  tranmt  telescope  until  this 
amount  is  indicated  by  its  vertical  arc.  If  the  declioation  of 
the  Bun  is  nortti,  depress  the  object-end ;  if  south,  elevate  it. 
Without  disturbing  the  position  of  the  transit  telescope,  bring 
the  solar  telescope  into  the  same  vertical  plane,  and  make  it 
horizontal  by  means  of  its  level.  The  two  telescopes  will  then 
form  an  angle  which  equals  the  amount  of  the  declination,  and 
the  inclination  of  the  solar  telescope  to  its  polar  axis  will  be 
equal  to  the  polar  distance  of  the  sun. 

Second.  Without  disturbing  the  relative  positions  of  the  two 
telescopes,  incline  them  and  set  the  vernier  to  the  co-latitnde  of 
the  place. 

By  moving  the  transit  and  the  solar  attachment  around  their 
respective  vertical  axes,  the  image  of  the  sun  will  be  brought 
into  the  field  of  the  solar  telescope,  and  after  accurately  bisecting 
it  the  troTuit  telescope  mast  be  I'n  the  meridian,  and  the  compass- 
needle  indicates  its  deviation  at  that  place. 

The  vertical  axis  of  the  solar  attachment  will  then  point  to 
the  pole,  the  apparatus  being  in  fact  a  small  equatorial.  Re- 
volve the  main  telescope  on  its  horizontal  axis,  and  set  a  mark 
at  a  convenient  distance, — 1000  feet  if  practicable. 

Make  a  reverse  observation  as  follows :  Turn  the  transit  180° 
in  azimuth,  and  set  off  the  declination,  elevating  or  depressing 
DOW  the  e^e-end,  according  as  the  declination  is  south  or  north ; 
bring  the  object-end  of  tlie  solar  telescope  to  point  in  the  direc* 
tion  of  the  eye-end  of  that  of  the  main  instrument,  and  level  it. 
Set  the  vertical  arc  to  the  co-latitude  of  the  place,  and  complete 
the  observation  as  before.     Reverse  the  lai^e  telescope  on  its 

•  For  other  methodi,  lee  Chapter  m.,  p.  218,  and  Cbapter  VI.,  Solar 
CompaH. 
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borizoDtal  axis,  and  see  if  it  points  to  the  mark  set  by  the  direct 
observation;  if  it  do  not,  take  the  mean  of  the  two  pointings 
for  the  meridian. 

If  greater  accuracy  is  required,  make  other  observatiODS  at 
different  hours  of  the  day,  under  different  conditions  of  the 
atmosphere,  and  compare  results  with  those  given  in  Chapters 
III.  and  VI. 

146.  Time  and  azimuth  are  calculated  trom 
an  obseiTed  altitude  of  the  sun  by  solving  the 
spherical  triangle  formed  by  the  sun,  the  pole, 
and  the  zenith  of  the  place.  The  three  sides, 
iSP,  PZ,  ZS,  complements  respectively  of  the 
declination,  latitude,  and  altitude  are  given, 
and  we  hence  deduce  SPZ,  the  hour  angle, 
fVom  apparent  noon,  and  PZS  the  azimuth 
of  the  sun.* 

The  "  Solar  Attachment "  solves  the  same 

spherical  triangle  by  construction,   for  the 

sei!ond  process  brings  the  vertical  axis  of  the  solar  telescope  to 

the  required  distance  ZP  from  the  zenith,  while  the  first  brings 

it  to  the  required  distance  SP  from  the  sun. 

If  the  two  telescopes,  both  being  in  position  —  one  in  the 
meridian,  and  the  Other  pointing  to  the  sun  —  are  now  turned 
on  tbeir  horizontal  axes,  the  vertical  remaining  undiaturlxid, 
until  each  is  level,  the  angle  between  their  directions  —  found 
bv  sighting  on  a  distant  object  —  is  SPZ,  the  time  from  appar- 
ent noon. 
This  gives  an  easy  observation  for  correction  of  time-piece. 

147.  An  error  either  in  the  declination  or  latitude  will  cause 
an  error  in  the  azimuth. 

These  errors  in  azimuth  coiresponding  to  one-minute  error  in 
declination  or  latitude,  for  various  hours  and  half-hours  of  the 

*  A  Table  of  Equation  of  Time  ii  giren  at  Ihe  end  of  this  book  which 
will  be  uaefal  in  lolving  analyticalij  the  spherical  triangle  PZS  for  time. 
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day,  and  for  differeot  Utitades,  have  been  compated  and 
tabulated.* 

The  following  table  exhibits  these  enors  Id  latitade  40°. 

For  latitDde  50°  the  errors  are  one-fifth  greater,  and  for  lati- 
tude 30°  the  errors  are  about  one-ninth  less  than  those  given. f 

B;  Interpolation,  those  corresponding  to  other  latitudes  and 
fractionid  parts  of  the  hour  may  be  obtained. 


11.30  iji. 

11a.m. 

10  A..U. 

Oa.1i. 

8  a.m. 

7  a.m. 

eA.M. 

12.80  p.it. 

1p.m. 

2r.it. 

8*.». 

4f.m. 

6  p.m. 

6rji. 

For  one  mln.  ) 
error  In  dec.   ) 

10.00' 

5.06' 

am' 

1.86' 

1.61' 

\.W 

1.80' 

For  ODS  mln.  ) 
errorinlat.    t 

9.98' 

4.87' 

2SV 

1.80' 

0.76' 

0.86' 

O.^ 

The  table  indicates  the  best  time  to  observe  the  son  for  merid- 
ian, or  to  determine  the  true  bearing  of  a  line,  to  be  soon  after 
sunrise  or  Just  before  sunset. 

However,  on  account  of  refraction  at  these  times  being  great 
and  very  uncertain,  it  is  best  in  general  not  to  make  the  obser- 
vation when  the  snn  is  nearer  the  horizon  than  aboat  15  degrees. 
Moreover,  the  solar  apparatus  should  not  be  relied  on  for  very 
accnrate  work  between  10  a.x.  and  2  p.m. 

An  error  in  latitude  does  not  oanse  an  error  in  azimuth  when 
the  sun  is  in  the  pole  of  the  meridian. 

148.  The  Stadia,  or  Ktorometer,  is  a  compound  crose-wlre 
ring  or  diaphragm,  shown  below,  having  three  horizontal  wires, 
of  which  the  middle  one  is  cemented  to  the  ring  as  usual,  while 
the  others,  hb  and  oc,  are  fastened  to  small  slides,  beld  apart  by 

*  Bj  Frofeisor  Johnian,  C.E,,  WBihlngton  UDiveraity,  Mo. ;  and  bjr  R. 
T.  Stewart,  C.G.,  InHtructor  in  HMhematici  and  Bn^eering,  W««t«Tn 
UaiTenEtj  of  PeonijlTBiiik. 

t  Hoie  accurately,  11 J  pet  cent 
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a  slender  brass  apring  hoop,  and  actoated  by  independent  screwB 
dd,  b;  which  the  distance  between  the  two  movable  wires  caa  be 
ad]Qst«d  to  inclade  a  given  apace ;  as,  1  foot  on  a  rod  100  f^t 
distant.     These  wires  will  In  the  same  manner  include  2  feet  on 


a  rod  200  feet  distant,  or  half  a  foot  at  a  distance  of  50  feet, 
and  BO  on  in  the  same  propoi'tion ;  thna  fornishing  a  means  of 
measuring  distances  —  especially  over  broken  ground  —  much 
'  more  easily,  and  even  more  accurately,  than  with  a  tape  or 
chain. 

149.    Its  principles  may  be  explained  more  fully  as  follows: 


Let  the  above  figure  represent  a  section  of  a  common  tele- 
scope with  but  two  lenses,  between  which  the  diaphragm  with 
the  etadia  wires  is  placed,  and  assume  that 

/  =  the  focal  distance  of  the  object-glass ; 

p  =  the  distance  of  the  atodia  wires  a  and  h  ftom  each  other ; 

d  » the  horizontal  distance  of  the  object-glass  to  tlie  stadia ; 
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a  =  stadia  reading  {BA)  ; 

D  =  horieont&l  distance  from  middle  of  inetrament  to  stadia. 
The  telescope  is  levelled  and  sighted  to  a  levelling  or  stadia, 
rod,  which  is  held  vertically,  hence  at  right  angles  wiUi  the  line 
of  sight.  According  to  a  principle  of  optics,  rays  parallel  to 
the  axis  of  the  lens  meet,  after  being  refracted,  in  the  focas  of 
the  lens.  Suppose  the  two  stadia  wires  are  the  soarces  of  those 
rays,  we  have,  from  the  similarity  of  the  two  triangles  a'b'F 
and  FAB,  the  proportion 

d-/:o=/:p. 

The  quotient  f:p  is,  or  at  least  can  be  made,  constant,  and 

may  be  designated  by  k ;  hence  we  may  write 

d-f=FC  =  ka. 

To  get  the  dbtance  from  the  centre  N  of  the  instrument  there 

must  be  added  to  FC  the  value 

c=0F+ON. 
ON  is  mostly  equal  to  half  the  focal  length  of  the  object- 
glass ;  hence, 

c=1.5/. 

Therefore  the  formula  for  the  distance  of  the  stadia  tiom  the 
centre  of  instrument,  when  that  st^ia  is  at  right  angles  to  the 
level  line  of  sight,  is 

D  =  ka-he.  (1) 

ISO.  When  the  line  of  sight  is  not  level,  it  is  impracticable, 
especially  in  long  distances,  to  hold  the  rod  in  a  vertical  plane, 
and  at  the  same  time  perpendicular  to  the  line  of  sight ;  hence 
it  is  customary  to  hold  the  rod  vertical,  as  in  the  preceding  case, 
and  obtain  the  true  distance  by  applying  a  correction  depending 
upon  the  angle  of  inclination  of  the  sight. 

This  correction  is  deduced  as  follows : 

Let    AQB  =  2m\ 

n  =  the  angle  of  inclination ; 
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MFr=e+GF=c  +  kxCD  =  D'i 

CD  most  be  expreeeed  bv  AB ; 

MP=  the  horizontal  distance  =  D'  coan  =  D; 

AB  =  a. 


Now  the  angle 

BAQ  =  90  +  (n  -  m) ; 
.-.  .4BG  =  90-(n  +  m). 
AF 


Hence, 


QF     8in  [90 +  («-«)]' 
AT>^    g-Fsinm 
COS  (n  —  m) 
BP_  sinm 


OF     sm[90-(n  +  m)]' 
QFaixim 


COB  (n  +  m) 

.-.  .4^+BJ'=  GJf  sinmf -^ + ^V^T 

l_w)9(n-m)      C08(n  +  m)j 


But  .4jF+BF=a, 


CD        CD  COB  tt 
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SnbBtitnling  thia  value  of  QF  in  the  equation  above,   we 
obtain 

^_Ci>co8m8ipmcoa(n  +  m)  +  eo3(it  — ?ft). 
2  BID  TO  cos  (n  +  m)  coa  (n  —  m)  ' 

np  rn  —  n  coo*"  C0fl*m  —  Bin'n  ein'm 


s'm  —  Bin'n  sm'tn 


and  Z>'=c  +  fai2 

cos  n  cob' m 
Whence, 

Z>s=!CcoBn  +  fcaco8*n  — jtosin'ntan'wi. 
The  Uiird  member  of  thia  equation  may  be  safely  neglected, 
as  it  is  very  small,  even  for  long  distances  and  large  angles  of 
elevation  (for  1500',  n  =  45'*  and  fc  =  100,  it  is  but  0.07'); 
therefore  the  final  formula  for  distances,  vith  a  stadia  kept 
vertical,  and  vith  vires  equidistant  from  the  centre  wire,  is  the 
following : 

/>  =  ccosn-f-aA:coa*n.  (2) 

The  value  of  ccosn  is  usually  neglected,  as  it  amounts  to  but 
1  or  1.5  feet;  it  is  exact  enough  to  add  always  1.25'  to  tht  dis- 
tance as  derived  from  tlie  formula 

D  =  akcatfn.  (2a)" 

15X.  The  focal  length /of  the  object-glasB  may  be  found  by 
focussing  the'  instrument  npon  some  distant  object,  say  a 
heavenly  body,  and  measuring  then  the  distance  between  the 
plane  of  the  cross-wires  and  that  of  the  objective.  ON,  being 
equal  to  the  distance  between  the  objective  and  the  interaectJon 
of  a  plumb-line  with  the  horizontal  axis  of  the  telescope,  may 
be  obtained  by  direct  measurement. 

The  distance  J),  between  the  stadia  wires,  may  be  determined 
as  follows : 

Set  np  the  instrument  on  level  ground,  or  nearly  so,  and 
measure  forward  from  the  plumb-line  a  distance  equal  to  c,  and 

*  The  sbove  explanation  of  the  tiadia  U  lubttantiBllj  that  given  by 
Mr.  G.  J.  Speuht,  pnblittied  by  Von  Nottrand,  1884,  thongh  corrected  and 
limptifled. 
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mark  the  point ;  meoaure  onward  from  the  mark  any  conveaient 
distance  d,  400  or  500  feet,  as  a  baee.  The  telescope  being 
level,  observe  carefully  the  apace  a  intercepted  by  the  stadia 
wirea  on  a  levelling-rod  held  vertically  at  the  farther  extremity 
of  the  base. 

Then  from  the  proportion  d—f:a=f:p  the  required  dis- 
tance p  may  be  obtained. 


1.  Given /=  8  inches,  base  =  500  feet,  and  a  =  5.25  feet. 
Find  J)  =  .084  inches. 

2.  At  what  fractional  part  of  the  focal  length  must  tlu 
stadia  wires  be  sepamted  so  that  one  foot  on  the  rod  will  cor- 
respond to  100  feet  base  ?  State  also  the  distance  between  the 
wires  in  terms  of  the  focal  length,  when  one  foot  on. rod  cor- 
responds to  66  feet  base. 

3.  Measare  with  a  stadia  one  or  more  sides  of  a  Beld,  also 
tiie  distance  across  a  valley,  or  from  one  ridge  to  another,  and 
compare  the  reanlts  with  chain  measurement  between  the  same 
points. 

4.  Measnre  with  the  stadia  up  or  down  a  hillside,  and  chain 
between  the  same  points.     Compare  results. 

Gradienter. 

152.  This  attachment,  as  shown  on  next  page,  is  often  used 
with  transite  for  fixing  grades,  determining  distances,  ete. 

It  consiete  mainly  of  a  screw  attached  to  the  semicircular 
expanded  arm  of  the  ordinary  clamp  of  the  telescope  axis ;  the 
screw  is  accurately  cnt  to  a  given  number  of  threads,  and  pass- 
ing through  a  nut  in  one  aide  of  the  arm,  presses  f^ainst  a  little 
stud  A  fixed  to  the  inside  surface  of  the  right-hand  standard. 

In  the  other  side  of  the  semicircular  arm  is  inserted  a  hollow 
cylinder  containing  a  pin  actuated  by  a  strong  spiral  spring,  the 
end  of  the  pin  pressing  against  the  side  of  the  stud  opposite 
that  in  contact  with  the  screw. 
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Near  the  other  end  of  the  screw,  and  turning  with  it,  is  a 
wheel,  or  micrometer,  the  rim  of  which  is  plated  with  silver, 
and  divided  into  one  hundred  equal  parts. 

A  small  silver  scale,  attached  to  the  arm  and  Jast  above  the 
micrometer  wheel,  is  divided  into  spaces,  each  of  which  is  Just 
equal  to  one  revolution  of  the  screw ;  so  that  by  comparing  the 
edge  of  the  wheel  with  the  divisions  of  the  scale,  the  nnmber  of 
complete  revolutious  of  the  screw  can  be  easily  counted. 


It  will  be  Been  that  when  the  clamp  is  made  fast  to  the  axis 
by  the  clamp-screw,  and  the  gradieuter-screw  turned,  it  will 
move  the  telescope  vertically,  precisely  like  the  taogent'Screw 
ordinarily  used. 

And  as  the  valne  of  a  thread  is  snch  that  a  complete  revolu- 
tion of  the  screw  will  move  the  horizontal  cross-wire  of  the 
telescope  over  a  space  of  one  foot  on  a  rod  at  a  distance  of 
one  hundred  feet,  it  is  clear  that  when  the  screw  is  turned 
through  fifty  spaces  on  the  graduated  head,  the  wire  will  pass 
over  fifty  one-hundredths,  or  one-half  a  foot  on  the  rod,  and  so 
on  in  the  same  proportion. 
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Id  this  way  the  gradieater  can  be  ased  in  the  meaaorement 
of  diatances,  precisely  tike  tlie  atadia  just  described. 

Grades  can  also  be  established,  with  great  facility,  as  fol- 
lows :  First,  level  the  iustrnment ;  bring  the  telescope  level  to 
its  centre  by  the  clamp  and  gradienter  screw ;  move  the  gradu- 
ated bead  until  its  zero  is  brought  to  the  edge  of  the  scale ;  and 
then  turn  ott  as  many  spaces  on  the  head  as  there  are  hun- 
dredths of  feet  to  the  hundred  in  the  grade  to  be  established. 


A.    BBASINGB  WITH  COMPASS. 

153.  To  Obtain  the  Bearing  of  a  Line.  At  one  end  of  the 
line,  or  at  any  other  point  in  it,  set  up  and  level  the  compa,ss, 
loosen  the  needle,  and  direct  the  sights  toward  the  other  end. 
The  d^;ree  on  which  the  needle  comes  to  rest  will  indicate  the 
angle  between  the  ma^etic  meridian  and  the  direction  of  the 
line,  or  the  bearing. 

For  example,  if  the  Une  lies  between  the  north  and  east  points^ 
as  OP,  and  the  angle  NOP  being,  say  42  degrees,  the  bearing 
of  the  line  OPis  written,  N.  42° E., 
and  read,  "  north  forty-two  d^reea 
east."  If,  as  OP',  it  lies  between 
south  and  east,  and  the  angle  SOP' 
is,  say  74  degrees,  it  is  written, 
S.  74°  £.,  and  read,  "south  sev- 
/  enty-fonr  degrees  east" ;  in  like 
manner  for  lines  in  other  quadrants. 
It  will  be  observed  that  the  bear- 
ing of  a  line  does  not  exceed  90°. 
A  line  which  might  be  read  "N. 
J0°  W."  or  "  S.  90°  W."  is  recorded  as  iwst.  The  bearing  can 
be  read  moat  accurately  by  placing  the  eye  over  one  end  of  the 
needle  and  taking  the  reading  from  tbe  other  end. 
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Since  the  gradnationB  are  usuall;  made  to  half-degrees,  tiie 
beariug  can  be  taken  qaite  accurately  to  quarter-degrees,  aod 
by  practice,  even  closer,  without  the  use  of  the  vernier.  In 
fact,  the  principal  nee  of  the  vernier  on  a  compass  is  to  facili- 
tate the  mnning  of  lined  ftom  old  deede,  where,  when  the 
declination  is  ascertained,  it  ie  turned  off  on  the  vernier,  and 
the  surveyor  may  use  then  the  bearings  as  given  in  the  deed  by 
which  he  is  surveying  the  tract,  without  makiog  a  calculation 
for  the  bearing  of  each  line.  Tbe  vernier  cannot  be  relied  on 
to  read  bearings  to  minutes,  oa  account  of  tbe  difScnlty  of 
accurately  manipulating  it. 

151.  StverM  Bearinga.  Since  in  plane  earreying  tlie  meri- 
dians passing  through  tbe  extremities  of  a  line  are  considered 
parallel,  the  direct  and  reverse  bearings  should  indicate  the  same 
angle.  That  is  to  say,  a  line,  as  LM,  the  bearing  of  which,  taken 
AlL,  called  a.\»o  fore-stght,  in  N.  40°  E.,  when 
taken  at  M,  back-sight,  should  be  S.  40°  W. ; 
tbe  degrees  being  the  same,  the  letters  indi- 
cating the  opposite  cardinal  points. 

When  surveying  a  tract  of  land  with  the 
compass,  the  instrament  should  be  set  up  at 
every  comer,  and  the  bearing  and  reverse 
bearing  of  every  line  taken,  as  a  check  on  the 
observer's  reading  and  the  working  of  the 
needle,  since  a  disagreement  in  the  angle  thus 
measured  would  be  evidence  sufficient  to  war- 
rant a  review  of  the  work. 

155-  Local  AttTMtioa.  If  the  readings  of  tbe  needle  of  the 
fore-aight  and  back-sight  have  been  correctly  made,  and  there 
is  found  a  disagreement,  local  attraction  exists.  It  is  usually 
caused  by  the  presence  of  ferruginous  matter.  It  may  exist  at 
both  stations  or  at  only  one  of  them. 

Assuming  that  the  direct  and  reverse  l>earingB  of  the  preced- 
ing line  agree,  then  the  difference  in  the  reading  at  the  two  ends 
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of  the  line,  when  the  ftttrftction  exists,  will  show  the  local  vari- 
atioD  at  the  last  station,  and  this  correction  muBt  be  applied  to 
the  reading  of  the  needle  for  the  bearing  of  the  next  line.  If, 
however,  the  Deedle  will  not  reverse  on  the  first  lioe  of  a  Burvey, 
then  it  will  be  necessary  to  set  up  at  some  other  point  of  the 
tract ;  or,  if  this  is  impracticable,  select  one  or  more  stations 
near  the  snspected  points,  and  by  taking  the  bearings  of  these 
from  the  stations,  and  also  the  reverse  bearings,  the  intensity 
and  position  of  the  attraction  may  be  determined. 

156.  Proof  Bearings  and  Teati  of  Aeeorooy.  In  any 
important  compass  survey  it  is  well  to  check  the  work  by 
sighting  to  distant  prominent  objects,  snch  as  buildings,  trees, 
etc.,  and  noting  the  readings.  Since  tioo  bearings  are  reqnired 
to  locate  each  object, — and  until  it  is  located  it  cannot  serve  as 
a  check, — it  will  be  necessary  to  take  at  least  three  bearings  to 
each.  If,  then,  when  plotting,  the  Vbm  lines  intersect  in  a 
point,  a  proof  is  given  of  the  correctness  of  the  measnrementa 
thus  connected.  The  lengths  and  bearings  of  diagonals  of  the 
tract  may  likewise  be  taken  as  checks  on  the  accuracy  of  the 
work ;  also,  when  in  plotting,  if  the  last  bearing  and  distance 
dose  the  survej',  it  is  considered  a  proof  of  the  work.  The 
best  test,  however,  of  the  accuracy  of  the  snrvey  is  by  Latitudes 
and  Departures,  which  is  explained  in  Section  VI.  Articles  207 
and  208. 

It  may  be  well  to  caution  the  student  against  the  fallacy  of 
a  test  sometimes  given,  —  that  if  the  sum  of  the  interior  angles, 
determined  from  the  bearings,  equals  twice  as  many  right 
angles,  less  four,  as  the  figure  has  sides,  it  proves  the  work. 
This  "test,"'  while  it  furnishes  proof  for  a  transit  survey  in 
which  the  interior  angles  have  been  measured,  will  not  show 
that  the  bearings  of  a  tract  have  been  correctly  taken.  The 
student  will  readily  perceive  the  truth  of  this  statement  if_  be 
makes  or  imagines  a  plot  of  a  field  with  a  certain  side  the 
meridian,  then  conceives  the  whole  plot  turned  around  so  that 
another  side  comes  to  the  meridian,  it  will  be  evident  that 
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though  the  benriags  ore  changed,  the  sum  of  the  interior  angles 
ia  nnafCected.  The  so-called  teat  would  prove  the  work  in  either 
case. 

157.  Sv^ntioiu.  Test  frequently  to  see  that  the  iDstni- 
ment  is  in  proper  adjustment.  Keep  the  same  end  ahead. 
Read  from  the  same  end  of  needle.  Sight  as  low  on  the  flag- 
staff  as  possible.  Make  the  line  of  eight  as  nearl;  horizontal 
as  practicable.  When  reading  near,  the  cardinal  points,  be  care- 
ful that  the  bearing  is  not  read  in  the  wrong  quadrant,  also  that 
the  common  error  of  reading  56°  for  44°  ia  not  committed.  See 
that  the  instrument  is  set  precisely  over 
the  station  from  which  the  measuremeuts 
are  to  be  made ;  that  the  flagstaff  is  exactly 
oD  the  proper  point,  and  that  it  ia  held 
plumb.  Level  the  instrument  carefully; 
especially  see  that  it  is  level  across  the  line  of  sight.  Take 
the  bearing  and  measure  the  distance  on  the  true  line  when 
practicable;  when  not,  because  of  a  high  fence,  bushes,  etc., 
set  off  the  least  perpendicular  distance  therefrom  at  both  ends 
which  will  afford  &  clear  view,  and  take  the  bearing  and  dis- 
tance of  the  extremities  of  these  perpendiculars. 


1.  With  a  surveyor's  compass,  by  a  constant  aod  direct  bear- 
ing only,  run  a  line,  say  40  chains  in  length,  over  hilly  ground, 
and  part  of  it,  if  possible,  through  brush ;  then  return,  using 
the  reverse  bearing  only. 

2.  With  the  same  instrument  run  another  line  equally  diffi- 
cult, using  both  direct  and  reverse  bearings  forward  and  back. 

3.  Make  a  survey  of  a  lot  one  side  of  which  is  near  to 
a  railroad  track.  If  local  attraction  is  found,  determine  its 
intensity. 

4.  Determine  the  mimetic  bearing  of  each  part  of  a  broken 
line  of  several  turns  along  a  railroad  track,  or  where  local 
attraction  is  known  to  exist. 
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B.    ANOLBS  WITH  TBANBIT. 


158.  With  tba  Traaait  the  survey  of  a  line  or  the  measnre- 
ment  of  an  aogle  can  be  made  with  greater  accuracy  than  witti 
the  compass,  eiace  the  reading  of  the  plates  to  minutes  sup- 
plants the  reading  of  the  needle  to  quarter  or  half-quarter 
degrees,  and  the  pointing  power  of  the  transit  greatly  exceeds 
that  of  the  compasB. 

159.  To  taeasnre  a  horizontal   angle,  as  MON.      Set  ap 
the  instrument  precisely  at  0;  level  it  and  direct  the  intersec- 
tion of  the  wires  to  either  point,  say  N. 

■^  Clamp  the  instmment  firmly  to  the  spindle, 
note  the  reading  of  the  vernier,  then  loosen 
the  vernier  plate  and  bring  the  telescope 
quite  near  the  other  line  so  that  its  ex- 
tremity  M  is  in  the  field  of  view.  Clamp 
the  plate,  and  with  its  tangent  or  elow- 
motion  screw  bring  the  line  of  coUimatioo 
precisely  on  M.  Again  take  the  reading. 
The  difference  of  the  two  readings  will  be  the  angle  required. 
It  is  more  convenient  to  make  the  first  sight,  ON,  with  the  zero 
of  the  limb  and  plate  coincident,  since  then  the  reading  of  the 
plates  after  observing  M  gives  at  once  the  angle.  If  at  each 
observation  but  one  vernier  is  read,  it  is  beet  to  read  every 
time  from  the  same  one ;  it  is  better  at  each  observation, 
though,  to  read  both  verniers  and  take  the  mean  of  these, 
thereby  eliminating  eccentricity.  If,  however,  great  accuracy 
is  required,  the  measurement  of  the  angles  should  be  taken 
more  than  once,  by  the  method  of  repetition  or  by  series. 

160.  By  Bspetitioii.  Hake  an  observation  upon  any  point, 
and  read  both  verniers ;  clamp  the  lower  plate  to  the  spindle, 
direct  the  telescope  to  another  point,  and,  as  a  check,  agun 
read  Hie  verniers. 

Now,  keeping  the  index  at  the  last  reading,  turn  both  plates 


)v  Google 


ANGLES  WITH  TBANBIT.  107 

back,  and  obeerre  agiun  oa  the  first  point;  clamp,  as  before, 
the  lower  plate,  and  turn  the  upper  one  bo  as  to  sight  on  the 
second  point.  It  is  perceived  that  by  this  operation  the  angle 
baa  been  measored  twice,  but  tm  different  parts  of  ttke  limb. 
An  angle  ma;  obrlooBly  be  repeated  any  nnmber  of  times :  the 
mean  of  the  several  readings  gives  more  nearly  than  a  single 
measnrenient  the  tme  angle.  The  reading  at  each  observation 
serves  as  a  check  on  the  work.  An  angle  may  be  repeated  by 
simply  noting  the  reading  at  the  first  and  last  observation, 
taking  their  difference,  and  dividing  by  the  number  of  repeti- 
Ijoos.  It  mnat  be  noted,  however,  how  often,  if  at  all,  the 
860°  point  is  passed.  Now,  if  the  telescope  is  plnnged,  the 
plates  turned  180"  in  azimuth,  and  repetitions  of  the  angle 
again  be  made,  beginning  at  the  second  point,  Uie  mean  of  the 
two  sets  of  readings  will  give  still  more  nearly  the  true  angle, 
since  the  errors  of  adjustment  and  twist  of  station  are  thus 
lessened  and  those  of  observation  reduced. 

161.  By  SeriM.  Observe  as  before  npon  any  point,  and  read 
the  veroiers,  clamp  the  lower  p1at«,  turn  the  vernier  plate  until 
the  telescope  may  be  fixed  upon  another  point,  and  again 
read ;  thus  continue  to  make  observations  upon  each  point 
desired  in  their  order,  sweeping  round  the  horizon,  and  make 
the  last  observation  upon  the  first  point.  The  last  reading 
should  be  the  same  as  the  first.  Flnnge  the  telescope,  move 
the  plates  in  azimnth,  and  observe  on  the  points  again,  pro- 
ceediug  in  the  contrary  direction.  Several  series  of  observa- 
tions may  thus  be  made,  as  in  the  method  by  repetition.  The 
magnitude  of  each  angle  is'  obtained  from  the  mean  of  its 
reading. 

Bbuabk.  Care  should  be  exercised  to  have  the  instrument 
properly  centred,  that  is,  set  precisely  over  the  centre  of  the 
station,  especially  if  the  object  sighted  is  near  the  observer. 
The  error  arising  from  an  eccentric  setting  is  inversely  as  the 
distance  of  the  object  sighted ;  an  eccentric  setting  of  one  inch 
producing  aa  error  of  nearly  three  (3')  minutes  of  arc  in  sight- 
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ing  100  feet,  while  the  error  arising  from  a  sight  of  900  feet 
is  lees  than  one-third  (i')  of  a  minute. 

Read  both  verniers  to  eliminate  eccentricitf .  See  that  the 
reading  is  not  made  from  the  wrong  end  of  the  vernier,  and  that 
a  half-d^p-ee  is  not  omitted,  calling  tlie  reading,  say,  36°  15', 
instead  of  S6°  45'.  If  great  accuracy  ia  required  when  running 
a  straight  or  broken  tine,  lessen  errors  of  adjustment  by  re- 
versing the  instrument  in  altitude  and  azimuth,  making  two 
sets  of  observations  at  each  station,  and  take  the  mean  of  their 
readings.     See  Article  157. 

If  it  is  desired  to  locate  the  lines  surveyed  with  reference  to 
the  meridian,  ttie  bearing  of  one  of  them  should  be  taken  by 
Uie  needle  of  the  instrument ;  the  bearings  of  the  others  may 
be  deduced  therefh>m.     See  Article  167. 

162.  Angle  of  Deflection.  The  amount  of  divei^ence  which 
a  line  makes  with  the  preceding  is  called  the  deflection,  and  the 
angle  which  meanuree  it  is  termea  Hie  deflection  angle. 


In  the  figure  POMia  the  deflection  angle:  it  is  evidently  the 
supplement  of  LOP-  To  measure  it,  set  the  transit  at  0,  sight 
to  X,  clamp  the  limb  to  the  spindle  and  the  plates  together, 
then  plunge  the  telescope :  it  will  point  to  M.  Take  the  reading, 
unclamp  the  vernier-plate  and  move  it  until  tiie  wires  intersect 
P.  The  difference  between  tbe  reading  now  and  the  first  read- 
ing is  tbe  deflection  angle.  If,  when  making  the  first  otiserva- 
tion,  the  vernier  was  at  zero,  the  reading,  after  sighting  P, 
would  indicate  at  once  the  angle. 

163.   KaTerting,  or  aurveyiog  by  the  back  angle,  is  a  method 
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of  snrrejing  by  which  the  direction  of  each  line  of  &  survey  b 
compared  with  the  first  as  a  meridian  or  reference  line.  It  is 
effected  ae  follows : 


Let  it  be  rec|uired  to  traverse  the  broken  line  LMNOPQ. 
Set  np  the  instmment  at  M,  clamp  the  vernier  at  zero,  for  con- 
venience, and,  with  the  lower  motion,  sight  L,  clamp  below, 
transit  the  telescope,  loosen  above  and  observe  N:  the  reading 
will  show  the  angle  Af'MN  which  the  line  MN  forms  with  LM. 
Clamp  the  plates,  muve  to  N,  plunge  the  telescope,  and,  with 
the  lower  motion,  sight  lif,  the  index  remaining  aa  at  M;  then 
clamp  below,  loosen  above,  transit  the  telescope,  and  direct  it  to 
0 ;  the  index  will  show  the  angle  which  the  line  NO  makes  with 
LM.  And  so  continne  until  the  end  of  the  line. 

To  guard  against  mistakes  in  reading,  and  to  avoid  recording 
whether  the  deflection  is  right  or  left,  it  is  well  to  assume  all 
angles  measured  in  the  same  direction.  In  the  figure  tbe 
readings  are  all  to  the  right,  or  clockwise,  as  indicated  by 
the  circular  arcs,  and  the  record  is  as  follows : 


..„,„.. 

WITH    1.3/. 

WITH    Lif. 

isaininia  BCABina  or 
LUS.WfZ. 

L 

0» 

North. 

N. 50°  E. 

M 

18" 

N.  18°  E. 

N.  08°  E. 

iV 

340° 

N.20°W. 

S.  30°  E. 

0 

.WO»orO° 

North. 

N.  &0°E. 

p 

W 

Eniir. 

S.  40-'  E. 

From  the  nature  of  the  operation  it  may  be  perceived  that, 
algebraicaUy,  the  azimntfa  of  any  line  is  equal  to  its  deflection 
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plus  tiie  &zimnth  of  the  preceding  line.  This  method  is  partio- 
niarlj  adi^ted  to  sarvejing  rcwds,  streets,  water  courses,  etc., 
aad  even  in  farm  surveving  it  poasessea  an  advantage  over  the 
Borve;  by  interior  angles,  on  account  of  the  readiness  it  affords 
in  obtaining  the  bearinga  from  the  azimnthe,  and  the  greater 
rapidity  vith  vhich  the  work  may  be  plotted,  since  the  angle 
which  each  line  makes  with  the  assamed  meridian,  or  reference 
line,  is  taken  at  once  from  the  field  notes. 

Suppose  LM  in  the  figure  to  be  the  meridian  of  the  survey, 
and  the  azimuths  of  the  several  lines  as  recorded  in  the  table. 
Now,  assnming  the  direction  of  LM  to  be  north,  it  is  evident 
that  Mm  will  be  in  the  northeast  quadrant  18"  fnmi  the  north 
point,  or  N.  18°  E ;  A"0  will  be  20°  to  the  west  of  north,  or  N. 
20°  W. ;  OP,  making  no  angle  with  the  meridian,  will  have  a 
bearing  north,  and  PQ  east. 

So  that,  in  general, 

When  the  azimuth  is  less  tban  90°,  it  equals  the  bearing,  and 
the  line  is  in  the  northeast  quadrant. 

When  the  azimuth  is  between  90°  and  180°,  the  bearing  is 
southeast,  and  is  the  sopplement  of  the  azimuth. 

When  the  azimuth  is  between  180°  and  270°,  the  bearing  is 
southwesterly,  and  may  be  found  by  subtracting  180°  from  the 
azimuth. 

When  the  azimuth  is  between  270°  and  360°,  the  bearing 
is  northwesterly,  and  is  the  difference  between  860°  and  the 
azimuth. 

When  the  azimuth  is    90°,  the  bearing  is  due  east. 

When  the  azimuth  is  180°,  the  bearing  is  due  south. 

When  the  azimuth  is  270°,  the  bearing  is  due  west. 

When  the  azimuth  is  360°,  the  bearing  is  due  north. 

If  it  is  required  to  find  the  m^netiu  or  true  bearing  of  any  or 
all  t^e  lines,  take  the  mimetic  or  true  bearing  of  the  meridian  of 
the  survey  and  apply  it,  by  addition  or  subtraction,  according  as 
the  bearing  of  the  assumed  meridian,  or  standard  line,  is  north- 
east or  southwest.  In  the  example  given,  suppose  the  lienring 
of  the  assumed  meridian  LM\a  be  N.  50°  £. :  then  the  bearii^ 
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of  the  second  line  MN  will  be  recorded  18°  to  the  east  of  the 
reference  lin6,  or  N.  68"  £. ;  the  line  NO,  having  a  deflection  of 
20°  to  the  left  of  the  reference  line  will  be  recorded  N.  30°  E. ; 
andOP,  N.  50°  E.   Thus  the  fourth  o^umn  is  added  to  the  table. 


164.  To  TntTeiw  &  Soad,  as  LMNO.  Proceed  as  indicated 
in  the  last  article,  and  in  addition  measure  the  lines  LM,  MN, 
NO,  and  perpendicular  o&eta  thereto,  at  proper  distances. 


If  the  road  deviates  much  from  a  straight  line,  it  will  be 
necessary,  in  order  to  obtain  more  correctly  the  area,  to  take 
two  offsets  at  M,  one  jierpendicular  to  LM,  the  other  to  MN; 
and  also  two  at  N,  one  perpendicular  to  MN,  and  tfae  oUier 
perpendicular  to  NO.' 

Likewise  to  Snrvey  a  Small  Stream.  Tmvei-se  and  measure 
the  distances  between  assumed  stations,  as  L,  M,  N,  0,  P,  so 
chosen  as  to  make  no  more  of  them  than  is  consistent  with  few 
and  short  offsets  to  the  various  bends  of  the  stream.     If  the 


stream  is  smalt,  not  exceeding  10  feet  in  width,  or  even  wider  if 
shallow,  and  it  is  desired  to  survey  it  between  X  and  Y,  a  good 
plan  is  to  run  a  stnughtline  between  these  points  and  measure 
offsets  therefrom  to  the  stream ;  or,  if  such  a  line  will  make  the 
offsets  rather  long,  run  BQ,  and  measure  offsets  from  it  to  X 
and  yand  intermediate  points.    If,  however,  the  stream  is  wide 
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uid  the  croBsiDg  difflcnlt,  it  will  probably  be  better  to  nse  more 
stations,  ae  shown  in  the  figure.  If  a  compass  is  used,  1he 
bearings  may  be  taken  instead  of  the  angles. 

If  a  river  of  considerable  width  is  to  be  surveyed,  it  will  t>e 
necessary,  in  addition  to  the  measurement  of  broken  lines  OD 
each  side  from  which  ofTseta  are  taken,  to  make  a  series  of  an- 
gular measurements  connecting  the  lines  on  one  side  with  those 
on  the  other,  and  thence  by  trigonometrical  calculations  deter- 
mine their  relative  positions,  and  ultimately  the  surface  of  the 


O.    PBOBIiEMB  ON  ANOLaS  AND  BBABINGa. 

165.   Anglaa  between  Lines.    To  determine  the  angle   be- 
tween two  lines,  meeting  at  a  point,  given  by  their  bearings. 


1.  If  the  lines  run  between  the  same  cardinal  points,  that  is, 
in  the  same  quadrant,  take  the  difference  of  their  bearings. 

Suppose  the  bearing  of  OP  is  N.  32°  W.  and  that  of  OQ 
N.  60' W. ;  the  angle  between  them  is  obviously  SOQ  —  NOP; 
or,  60°  -  32°  =  28°. 

2.  When  the  lines  run  in  different  quadrants  and  both  above 
or  both  below  Qie  horizontal  or  E.  and  W.  line,  take  the  sum 
of  their  bearings.  If  0/»  hears  N.  60°  E.  and  OL  N.  20°  W., 
the  angle  POL  =  PON+  NOL  =  60°  +  20°  =  80°. 
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3.  If  the  lines  run  in  dtagODnU;  opposite  quadrants,  subtract 
the  difference  of  the  bearings  from  180°.  Assuming  the  bear- 
ing of  OP  N.  28°  E.  and  of  OL  S.  68°  W.,  the  angle 

POL  =.  180°  -  LOM=  180°  -  (58°  -  28°)  =  150°. 


4.  When  the  lines  are  in  different  quadrants,  and  both  to  the 
right  or  both  to  the  left  of  the  vertical  or  N.  aud  S.  line,  sub- 
tract the  sum  of  the  bearings  fi-om  180°.  If  OP  bears  N.-  66° 
£.  and  OL  S.  42°  E.,  the  angle 


POL  =  180°  -  {NOP  +  SOL)  = 


-  (65°  +  42")  =  73°. 


ADDITIONAL  EXAMPLES. 

1.  A  line  OP  bears  N.  40°  W.  and  OL  N.  40°  E. ;   required 
the  angle  POL. 

2.  Find  the  angle  POL,  when  OP  bears  S.  50°  E.  and  OL 

N.  89°  E. 

3.  Required  the  angle  at  0,  when  OP  bears  N.  80°  W.  aed 
OL  S.  79°  E. 

4.  Wbat  is  the  angle  0,  if  OP  runs  S.  89i°  W.  and  OL 
N.  89J=E.? 

5.  A  line  OP  runs  S.  70°  W.  and  OL  S.  45°  W.     Find  the 
angle  0. 
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166.  There  may  be  given  the  bearing  of  a  line,  as  MO,  aDd 
the  deflection  angle  LOP,  to  the  right  or  left  of  the  directioo 
of  MO,  to  find  the  bearing  of  OP ;  or,  the  bearings  of  MO  aod 
OP  may  be  given  to  determine  the  magnitade  of  the  deflectioD 
angle  LOP. 


a.  Oiven  the  bearing  of  a  line  and  the  deflection  of  the  next, 
to  find  it»  bearing. 

Suppose  3f0  bears  N.  32°  W.,  and  the  deflection  of  OP  =20° 
to  the  left ;  the  bearing  of  OP  is  evidently  20°  farther  towards 
the  vest  than  MO  or  its  prolongation  OL.  It  is  therefore 
N.  52°  W.  Again,  assuming  BO  bears  N.  60°  £.  and  the  de- 
flection of  OQ  40'  to  the  right,  it  ie  evident  that  OQ  is  in  the 
Bootheast  quadrant,  10°  from  the  east  point;  or,  its  bearing 
is  S.  80°  E. 

b.  When  the  bearings  of  the  lines  are  given,  to  determine  the 
dejlection. 

Suppose  iO  (p.  115)  bears  N.  20°  E.  and  OJ/"N.70°E. ;  the 
deflection  of  OJtf  from  LO,  or  its  prolongation  OP,  is  evidenUy 
70"  —  20°  =  60°  to  the  right.  Again,  the  bearing  of  LO  re- 
maining the  same,  and  that  of  OQ  N.  30°  W.,  then  it  is  readily 
«een  that  the  deflection  angle  is  20°  +  30°  =  50°  to  the  left. 
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GeDeral  roles  might  be  given  for  the  casee  ander  the  above 
heads,  corresponding  to  those  in  the  preceding  article,  but  the; 
are  deemed  onneceaeary,  aa  a  little  reflection  will  enable  the 
student  to  determine  the  required  bearing,  or  angle,  in  any 
given  case. 

167.  Given  the  angle  between  ttoo  linet,  and  the  bearing  of 
one  line,  to  find  the  bearing  of  the  other. 

The  solution  of  this  problem  is  ordlnuil;  required  in  transit 
surveying,  for,  when  surveying  with  that  instrument,  it  is  com- 
mon to  take  the  bearing  of  only  one  line,  and  deduce  the 
coarses  of  the  others  from  ttiat  bearing  and  the  measured 
angles.  Suppose  LO  bears  N^.  24° 
W.  and  the  angle  LOP  =82",  to 
And  the  bearing  of  OP.  It  is  evi- 
dent that  the  bearing  of  OP  or  the 
angle  NOP,  which  gives  the  degrees 
tn  the  bearing, 

=  180' -(s6l  + LOP) 
=180°-  (24°  +  82°)  =  74°. 
Hence  the  bearing  of  OP  is  N.  74°  E. 

Assume  the  angle  POJIf=*10O°, 
and  the  bearing  of  OP  as  found 
alx>ve ;  then,  since  there  are  100° 
—  74°,  or  26°,  more  in  the  angle  than  lies  between  OP  and  tbe 
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north  point,  the  poeition  of  OM  ia  to  the  west  of  north  26°,  or 
its  bearing  is  N.  26°  W. 

Some  Bimple  combinations,  as  indicated  in  the  illuBtratious 
given,  will  enable  the  student,  unencambered  with  rulea,  to 
readily  solve  any  of  the  problems  coming  under  this  head. 


1.  A  line  bears  S.  89°  15'  W.  What  is  the  bearing  of  a  line 
perpendicular  to  it?  Also,  the  bearing  of  a  line  making  an  angle 
of  ISfi"  with  it?    Is  there  more  than  one  answer  to  the  last? 

2.  If  OP  bears  S.  36"  W. ,  and  the  angle  OPL  =  68°,  what 
is  the  bearing  of  PL?  Am.   N.  32*  W. 

SnooEsnoK.  Pass  a  meridian 
-jO  through  the  angle,  and  consider  the 
given  bearing  reversed. 

3.  The  angles  £,  Jf,  0,  P,  of  the 
trapezium  are  respectively  62°,  130°, 
80°,  and  88°,  and  the  bearing  of  L^f 
N.  70°  E. ;  find  the  other  bearings.* 

168.  To  Change  the  Bearings  of  the  Sides  of  a  Bnirey.  It  is 
sometimes  desirable  to  change  the  bearings  of  a  survey  so  that 
a.  particular  side  shall  become  a  meridian.  The  whole  plat  is 
conceived  to  revolve  through  an  angle  sufficient  to  make  the 
desired  side  the  meridian ;  the  relative  position  of  the  sides 
remains  nnaltered.  The  following  rule  is  substantially  that 
given  by  Gummere,  who  states  that  the  method  was  communi- 
cated to  him  by  Prof.  Robert  Patterson,  late  of  Philadelphia. 

Rule. 

Subtract  the  bearing  of  the  aide  that  is  to  be  made  a  meridian 

from  those  bearings  thai  are  between  the  same  points  that  it  is, 

*  Tha  calcnlatloii  ma;  be  tested,  after  haring  deduced  tbe  bearingi  of 
all  tbe  tidet,  b^  taking  tbe  lut  bearing  found,  u  PL,  applying  the  uigle 
L,  and  obwrring  if  it  gtves  tbe  proper  bearing  of  LM. 
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and  alto  from  ihoae  thai  are  between  poinU  diredly  opposite  to 
them.  Ifitia  greater  than  any  of  those  bearings,  take  the  differ- 
etice,  and  change  west  to  east  or  east  to  west. 

Add  the  bearing  of  the  side  which  is  to  be  mode  a  meridian  to 
those  bearings  which  are  neither  between  (he  same  points  thai  U  is 
nor  between  the  points  dirediy  opposite  to  them.  If  either  of  the 
sums  exceed  90°,  tdhe  the  supplement,  and  change  south  to  north 
or  north  to  south. 

The  acconipaDjing  diagram  of  fall  and  dotted  lioee  exbibita 
the  poBitiouB  of  the  sides  of  the  following  described  farm,  be- 
fore and  after  turuing  through  16^°  to  the  right : 

(1)  N.  16|°W.,  24.68  chains;     (8)   S.  i'W.,  84.28  ch^ns; 

(2)  S.  79°  W.,  27.00  chains;  (4)  N.  65°  E.,  37.20  chains, 
to  the  place  of  beginning.  The  bearings  are  changed  ao  as  to 
make  the  first  side  a  meridian. 


EXAMPLES. 
1.   Giren  the  bearinge  of  a  tract  of  land : 
(1)   S.  10°  E. ;         (2)    S.  30°  W. ;        (3)   N.  60°  W. ; 
(4)   N.  20=  W. ;         (5)    N.  80°  E., 
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to  the  place  of  beginnmg.     Required  tfae  cfa&nged  bearings  that 
the  fourth  side  ma;  be  a  meridioc. 

(1)    S.  10°  E.  (4)    North. 


Changed  bearing,  S.  10°  W. 

(2)   S.  80'  W.  (6)   N.  80°  E. 


Changed  bearing,  S.  50°  W. 
(3)    N.  60°  W. 


Changed  bearing,   S.  80°  E. 


Changed  bearing,  N.  40°  W. 


The  Btadent  who  avails  himself  of  the  hints  and  methods 
referriDg  to  the  manipnlalion  of  angles  and  bearings  aa  given 
in  the  preceding  articles,  irill  have  no  diflScnlt;  in  determining 
the  changed  bearings  direct  from  the  data,  withont  the  use  of 
ndes.  Thns  in  the  example  above  it  will  be  obaerred  that  each 
line  is  tamed  through  20°  to  the  right;  that  ie,  the  fourth 
course  is  made  due  north.  The  next  side  to  it  going  round  to 
the  right,  N.  60°  E.,  will  be  turned  the  same  number  of  de- 
grees (20),  which  places  it  10°  from  the  east  point  in  the  south- 
east quarter,  or  its  liearing  is  S.  80°  E. ;  the  first  side  turning 
tlirongh  the  same  angle  (20°)  will  be  thrown  10°  west  of  the 
south  point,  or  S.  10°  W. ;  the  second  course  will  be  20°  farther 
to  the  southweBt,  or  S.  50°  W. ;  and  the  third  course  turued 
toward  the  north  point  20°  will  be  N.  40°  W. 

2.  Find  the  bearings  of  all  the  sides  of  the  following  de- 
scribed tract  of  land  when  the  second  side  is  made  a  meridian : 

(1)  N.  68J°  E.,  8.42  chains;       (8)   S.  78|°  W.,  4.90  chains; 

(2)  N.  27"  W.,  10,25  chains;      (4)    S.  i°  E.,  4.40  chains; 

(5)   S.  12°  E.,  7.04  chains, 
to  the  place  of  beginniog. 
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3.  Given  the  bearings  of  a  tract  of  land  as  follows : 

(1)  S.  Sa^'W. ;       (8)    N.  IS'W. ;        (5)    N.  Z-E.; 

(2)  East;  (4)   N.  Tai"  E. ;        (6)    S.  TSJ"  W., 
to  find  the  bearings  of  all  the  sides  when  the  first  becomes  a 
meridian. 

4.  Given  the  bearings  of  a  tract  of  land  as  follows : 

(1)  S.  79'  W.  i         (8)    N.  SSi"  E. ;         (5)    S.  80J  E. ; 

(2)  S.  Y  W.  i  (4)   X.  1}°  E. ;  (6)    S.  58^°  E. ; 

(7)    N.  39°  E. ;         (8)   N.  16i°  W., 
to  Snd  the  bearings  when  the  eigbtii  side  becomes  a  meridian. 

EXERCISES. 

1.  With  a  transit,  using  back  and  fore  sights,  run  a, tangent 
forward  snd  back  over  hilly  and  brush  land  requiring  six  or 
eight  settings  of  the  instrument.  The  last  two  points  set  for- 
ward will  give  the  direction  back.  Note  the  distance,  If  any, 
between  the  corresponding  positions  occupied  by  the  instra- 
ment. 

2.  Traverse,  or  survey  by  Itie  back  angle,  a  broken  line  of 
six  stations,  using  the  first  line  as  the  meridian,  or  reference 
line,  of  the  survey.  Record  the  notes,  indicating  the  azimuthal 
angles  and  bearings. 

3.  Measure  the  three  angles  of  a  triangular  piece  of  land, 
the  comers  being  visible  from  each  other ;  see  how  much,  it 
any,  their  aum  difi'ers  from  two  right  angles. 

4.  Traverse  a  pentagonal  field,  tfae  index  at  the  beginning 
being  set  nt  zero,  and  see  If,  when  finally  sighting  on  the  s 
first  occupied,  the  reading  is  zero. 
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SECTION  in. 


OH  PBBPSNDICtnLABS  AND  PABAIJ.BLS. 


1G9;  The  ObrtwilM  which  occur  in  field  work  are  more  easily 
and  expeditiously  overcome  with  the  compaes,  or  transit,  and 
chain,  than  with  the  chain  alone.  Methods  for  the  latter  were 
given  and  illustrated  in  Chapter  I.  Section  II.,  Chain  Survey- 
ing. 

7V>  erect  a  perpendicuiar  to  a  line  at  any  given  point.  Set  up 
the  instrument  over  the  point ;  if  a  compass  is  used,  take  the 
bearing  of  the  line,  and  then  move  the  instrument  in  azimuth 
until  a  bearing  differing  90°  from  the  first  is  observed.  The 
line  of  sights  will  then  indicate  the  direction  of  the  required 
perpendicular.  If  a  transit  is  employed,  centre  on  the  pointi 
sight  to  a  point  in  the  line,  clamp  to  spindle,  and  turn  the  ver- 
nier plate  90°  either  way ;  tiien  the  line  of  coUimation  will  show 
the  direction  of  the  perpendicular  sought.  Of  course  by  the 
methods  explained  above,  a  line  can  be  run  with  either  instru- 
ment from  any  given  point  and  making  any  given  angle  thereat 
with  a  line. 

170.   To  let  fall  a  perpendicular  from  a  given  point  to  a  line. 

Let  P  be  the  point,  and  LN  the  line.  If  the  compass  is  used, 
talce  the  bearing  of  LN,  remove  the 
instrument  to  P,  and  with  a  bearing 
differing  90°  from  the  first,  run  PO 
for  the  required  perpendicular.  With 
a  transit  centre  on  L,  measure  the 
angle  OLP,  remove  to  P,  and  make 

the  angle  LPO  equal  to  the  complement  of  i;  the  line  of  eight 

of  the  instrument  will  then  be  in  the  direction  of  the  required 

perpendicalar. 
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17L  7b  let  fall  a  perpentticrUar  to  a  line  from  an  inaaxavible 
point.  Measure  the  distance  between  any  two  points,  as  L  and 
2f,  in  the  line ;  also  the  angles 
PLN  and  LNP.  Then  in  tiie 
triangle  PLN^e  have  given  the 
side  LN  and  the  angles  to  find 
PL  or  PN.  Computing  PL,  ■^^•^^,^^\ 
the  distuice 

LO  =  PLcmPLO. 
Or  we  may  deduce  an  expression  for  LO  in  terms  of  the  meas- 
nred  line  and  the  observed  angles,  thus : 
LO=PO  cot  PLO. 
NO  =  P0  cot  PJfO. 
Hence       LO:SO  =  cot  PLO :  cot  PNO, 
and  L0:L0  +  yO=  cot  PLO :  cot  PLO  +  cot  PNO ; 

bnt  LO-^NO^LN, 

Ly  cot  PLO 

t-  cot  PNO' 

Ql'ebt.  Could  a  line  be  run  not  perpendicular  as  above 
through  an  inacceBsible  point,  making  any  angle  with  the  given 
line? 

17Z  To  run  a  line  through  a  given  point  paraUel  to  a  giveji 
line.  With  the  conipaes  obtain  the  bearing  of  the  line,  and 
then  from  the  given  point  run  a 

line  with  the  same  bearing.     With    <:-^ ff 

the  transit,  LN  being  the  line  and  ^s^^ 

P  tiie  point,  centre  on  L,  measure         _;;, 

the  angle  NLP,  remove  to  P,  and  P         O 

make  the  angle  LPR  equal  to  NLP;  the  line  of  collimation 
will  then  be  in  the  required  parallel. 

B.    PBOBl,BUB  ON  AUaHMBHT. 

173.  To  prolong  a  line,  as  LN,  beyond  a  tree,  a  building,  or 
any  obriade. 
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Fira  Method.  By  Deflection  Angles.  Set  np  the  instromeDt 
at  an;  point  of  the  line,  as  N,  and  deflect,  sufllcient  to  pass  the 
obatacle,  to  any  point  P.  Meaaare  NP,  remove  to  P,  deflect 
to  0,  making  the  angle  QPO  double  the  angle  at  N. 

— Q 


Meaenre  PO  =  PN,  pUce  the  inetroment  at  0,  observe  P, 
plunge  the  telescope  and  deflect  U>  B,  soibat  SOR^^OPQ; 
the  telescope  will  then  be  in  the  prolongation  of  LN. 

174.  Second  Method.    By  Equilateral  Triangle.    Deflect  60° 
from  the  direction  of  the  line  at  N;  measure  to  P  a  diataace 


enfficient  that  PO,  making  an  angle  of  60°  with  PN,  will  clear 
tlie  obstacle.  Measure  PO  =  PN,  and  turn  the  telescope  in  the 
direction  of  OB,  the  prolongation  of  LN,  by  deflecting  60°  from 
the  direction  of  PO. 

17&   Third  Method.    By  Isosceles  Triangle.    Deflect  at  N 
45°  to  M,  measure  HM,  make  NMO  a  right  angle,  and  MO 


=  MN;  at  O  turn  intx)  OB  by  deflecting  from  the  direction  of 
OMAb". 
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176L  Fourth  Method.     By  Perpendictiiara.    Erect  a  perpen- 
dicular 2fK  of  Bufflcient  length  that  a  line  passing  through 


-^mj:r 


K  parallel  to  LS  will-  clear  the  obetacle ;  ran  KM\  lay  off 
MO  =  NK,  Bod  a  right  angle  turned  from  MO  will  indicate  the 
direction  of  LN,  or  its  prolongation  OB. 

177-  BandomLue.     When  brush,  wood,  or  any  obstmction 
preventa  N  being  Been  fh)m  L,  run  a  line  LP  as  nearly  as  may 


be  judged  in  the  direction  of  LN:  when  opposite  N,  as  at  P, 
measure  the  shortest  distance  from  Pto  N,  call  it  d ;  then  the 
angle  PLN  in  degrees  =  5Z|^. 

Setting  up  again  at  L,  and  applying  the  correction  thus 
found  in  a  proper  manner  to  the  angle  or  bearing  before  used, 
the  line  LN  may  be  traced. 


Demonatralion.  When  the  distance  PN  does  not  exceed  5 
per  cent  of  the  length  of  PL,  PN  and  PL  may  be  regarded  as 
radii  of  a  circle,  and  PN  coincident  with  the  arc  which  subtends 
the  angle  PLN;  then 
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2ffLP:360=  FN:  PLN, 


PLN= 


360  X  PN_57.3xPN 
''  2W-X.LP  LP 


When  PSfas.ceeda  the  limit  stated,  the  angle  PZ^  should  be 
found  b;  measnrin^  P^  perpendicularly  from  PL,  and  dividing 
this  by  the  len^  LP  for  the  tangent  of  the  angle  PLN. 

EXAMPLES. 

1.  A  random  line  was  nin  N.  41"  15'  E.  18.34  chains,  when 
the  nearest  distance  to  the  desired  comer,  which  was  to  the  left, 
was  found  to  be  16  links.  Required  the  correction  and  the  bear- 
ing of  the  true  line.    Atis.  Cor.30';  bearing  of  line,  N.  40°  45' E. 

2.  A  random  line  was  rau  S.  89°  45'  W.  24.80  chains,  when 
the  corner  was  found  22  links  to  the  right.  Find  the  correction 
and  the  bearing  of  the  line. 

3.  The  length  of  a  random  line  is  16.64  chains,  and  a  per- 
pendicnlar  fl-om  its  eitremity  to  the  desired  point  equals  96 
links.     What  con-ection  is  needed? 


4.  A  random  line  LP,  25.12  chains  long,  run  by  transit, 
makes  an  angle  of  27°  with  LJU,  and  tbe  point  P  ia  18  links  to 
the  left  of  N;  LNheing  the  true  line.  Determine  the  proper 
angle  to  turn  off  at  L  with  which  to  trace  LN. 

C.    PSOBI^UB  OK  HBAaUBBMBNT. 

ITS.  a.  When  the  Ends  of  the  Line  are  Acoetiihle  and 
Tuible  from  Each  Other. 
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The  metbodB  indicated  in  Frobletna  on  Alignment  will  be 
found  useful  in  ni&nj  instaucea  for  the  determination  of  the 
lengths  of  lines,  the  direct  measurementB  of  which  are  imprac- 
tiiAble.  ThuB,  in  the  figure  in  Article  176,  the  distance  NO 
will  be  found  bj  measuring  S3f. 

In  figure  accompanyiDg  Article  Hi  the  measnrement  of  either 
NP  or  PO  will  give  the  side  NO. 

Othenciae  (Article  175).  Measure  NM,  and  multiply  it  by 
V2,  or  extract  the  square  root  of  twice  the  square  of  NM  tor 
the  required  length  NO. 

By  random  line,  as  in  Article  177,  when  the  shortest  distance 
PN  is  taken,  the  length  of  tbe  true  line  will  equal  ttie  measured 
or  random  line. 

If  tbe  perpendicular  from  P  is  used,  then  tbe  length  of  the 
true  line  wilt  equal  the  square  root  of  tbe  sum  of  the  squares  of 
LP  and  PN;  that  is, 

LN=^LP*  +  PP. 

To  ascertain  ttie  horizontal  measurement  of  a  bilUide,  take 
the  angle  of  ite  slope,  measure  up  or  down  it  (preferably  down), 
mid  the  product  of  this  distance  and  the  cosine  of  the  angle  will 
be  the  horizontal  distance  required.* 

179.  By  Triangulation,    Measure  LP  and  tbe  angles  L  and 
P;  the  sine  pr»|)ortion  may  then  be  em- 
ployed to  determine 

Tw_  LP  X  sin  P 


sin  (L  +  P) 

Ua  Olhenoite.  Measure  LP,  PN, 
and  the  angle  P.  Then  having  two  sides 
and  the  included  angle  of  the  triangle, 
tbe  third  side  LN  may  be  computed. 


*  When  meaturlDg  the  angle  of  eleTstion,  the  lurreyoT  ahonld  sight  U 
a  point  on  the  rod  a  diiunce  above  ground  equal  to  the  heiglit  ot  the  lini 
of  colllmation  of  hta  inttrument. 
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I.  Wlien  One  End  of  the  Line  ii  InaooeMilile.  Let  N 
repreeent  the  inaccewible  but 
visible  end  of  the  lioe  LN,  the 
length  of  which  is  desired.  Meas- 
ure LP  of  such  length,  if  possible, 
that  none  of  the  angles  will  be  less 
"  '  than  30° ;  the  nearer  LNP  is  eqiii- 

lateral,  the  better.    Observe  the  angles  L  and  P.    Then,  by  the 
sine  proportion, 

rw     -^^  X  Bin  P 

'"BiB[L  +  P)' 

182.  When  the  Folnti  are  not  Vinble  from  Saoh  Other.  lu 
the  figure  let  N  represent  the  invisible  point  in  the  line  LN, 
the  length  of  which  is  required. 
Measure  a  line  in  any  convenient 
direction  throngh  L,  as  MP,  not- 
ing the  distances  ML  and  LP,  of 
such  a  length  that  the  point  JV 
may  be  seen  from  each  extrem- 
ity. Observe  the  angles  P  and 
M.  In  the  triangle  PMX,  find, 
by  the  sine  proportion,  the  length 
ofP^.  Then  in  P^i  are  known 
two  sides  and  the  included  angle, 
O  with  which  may  be  found  LN. 

It  will  be  observed  that  the  problem  requires  the  measure- 
ment of  the  distance  between  two  points,  L  and  ^,  invisible 
from  each  other,  and  direction  unknown.  If  it  were  simply  to 
determine  the  distance  from  i.  to  an  invisible  point  in  the  pj-o- 
longation  of  OL,  we  should  measure  perpendicularly  ftom  OL 
to  a  point  P,  from  which  the  tx>int  N  could  be  seen,  observe 
Oie  angle  LPN;  then  i^=  PL  x  tan  LPN. 

QuEHT.  What  would  be  the  best  method  of  solving  the  prob- 
lem under  the  last  supposition,  if  it  were  impracticable  to 
measnre  a  perpendicular  from  OL? 


\ 
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183.  c.  WhtBH  the  End*  of  the  Line  an  InaooeuiUe.    Let  it 
be  required  to  determiue  the  length 

of  the  inacceseible  line  LN.     MeaB-  x, jf 

ure  OP,  Mid  observe  the  angles  LOS, 
NOP,  OPL,  and  LP2T;  then  in  the 
triangle  LOP  compute  LO,  and  in 
NOP,  ON.  There  will  then  be  given 
two  sides  and  the  incladed  ai^le  of 
the  triangle  LON  to  find  LN. 

184.  The  same  general  method  would  apply  if  the  base  inter- 
sected the  line  the  length  of  which  is  desired.  Suppose  it  is 
required  to  determine  the  distance  be< 
tween  L  and  N,  points  on  opposite 
sides  of  two  inlets,  M  and  7.  Meas- 
ure OP  and  take  the  angles  at  the  ex- 
tremities on  both  sides  of  the  base. 
There  will  then  be  data  suffleient  to 
find  OL  and  ON,  and  finally  LN. 

QuEBT.  Would  it  be  practicable  in 
any  case  to  make  OP  perpendicular  to 
LN  ?  If  so,  would  it  be  necessary  to 
measure  the  distance  OP  and  all  the 
angles,  as  above?    Why? 


1.  To  determine  the  distimce  between  two  points  2/ and  JV, 
on  opposite  banks  of  a  stream,  I  measured  a  base  LP  =  800 
feet,  and  observed  the  angles  which  Nm&de  with  L  and  Pto 
be  58°  45'  and  64°  50',  respectively.     Required  LN. 

2.  If  LP  in  Example  1  were  taken  at  right  angles  to  LN, 
the  angle  P  being  40°  30',  what  would  be  the  length  of  LN  ? 

S.  To  ascertain  the  distance  LN  between  two  inaccessible 
points  invisible  from  each  other,  I  measured  a  line  MP  through 
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L,  from-the  extremities  of  which  ^could  be  seen.  JfX=  160 
feet;  £P=200feet;  angle  at  Jtf=  65"  30' ;  angle  P=  69°  15'. 
What  is  the  length  of  LN'i 

4.  To  determine  the  distance  between  two  points  L  and  S, 
situated  on  the  side  of  a  river  opposite  to  where  I  was,  a  base 
line  OP  400  feet  long  was  measured,  and  the  following  angles 
observed:  £Oie"=  68°  30' ;  ^^0^=82=  45';  2>lPL  =  i(fiQ'i 
LPO  =  40°  15'.     Required  LN. 


1.  Prolong  a  line  beyond  a  bonse,  tree,  or  other  obstruction, 
using  an;  one  of  the  methods  herein  given.  Return,  pass  the 
obstruction  by  some  other  method.  See  how  near  the  starting- 
point  is  reached. 

2.  Run  a  trial  line  of  considerable  length  tbroogb  a  wood, 
with  a  view  of  sighting  a  stake  previously  set.  Make  the 
proper  measurements  and  calculation  to  correct  the  angle  and 
re-nin  the  line.  Note  the  distance,  if  any,  from  the  stake  after 
the  second  trial. 

3.  Triangulate  across  a  creek  or  small  lake.  Use  at  least 
two  methods.     See  bow  near  the  results  agree. 

4.  By  triangulation  determine  the  distance  between  two 
points  without  going  near  them.  Verify  the  result  by  subse- 
quent measurement. 

6.  Measure  the  distance  between  two  points  In  a  given  line, 
invisible  and  assumed  inaccessible  from  each  other.  Compare 
the  results  of  two  methods.  Verify  subsequently  by  direct 
measurement. 

6.  Run  a  trial  line  between  two  points  which  are  invisible 
from  each  other,  on  account  of  an  intervening  ridge.  Coixect 
the  angle  and  re-run  the  line.  If  the  proper  point  is  not  reached, 
should  the  angle  be  again  corrected? 
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SECTION   IV. 


Heights  akd  DisxANCEa. 


A.     AOOEBSmliBI  HBiaHTB. 


18&  Let  it  be  reipiired  to  determine  the  height  P  above  a 
horizontal  plane  LN.  Measure  the  distance  LN  and  the  angle 
of  elevatjon  L.    Then 

PN=L]>rUML. 

If  the  groond-  is  level,  or  nearly  so,  the 
telescope  cannot  be  placed  at  X,  in  the 
horizontal  plane  with  iV,  but  at  some  point 
I,  and  the  angle  Pin  is  measured  instead  of 
PLN.  In  snch  s  case  ^n  mnst  be  added 
to  the  calculated  height. 

18&  Let  it  be  required  to  find  the  height  of  an  object  stand- 
ing on  an  inclined  plane  ON.  Measure 
the  distances  NL  and  LO,  and  the  angles 
NLP  and  NOP.  In  the  triangle  OLP, 
by  the  sine  proportion,  find  PL.  Then 
in  the  triangle  PLN,  having  two  sides 
and  the  included  angle,  PN  may  be 
determined. 


187.   Otherwise.   Measure  NL,  and  at 
L  the  angles  of  elevation  of  N  and  P.    Then  the  projection  of 
LN  on  the  horizontal  plane 

=  LM  =  LN  cos  NLM, 
and  MN=  LNain  NLM; 

PM=LMtaaPLM; 
whence    PN^  PM—  NM\  or,  expressed  in  a  single  eqnation, 

PN=  LNxom  NLM  X  tan  PLM-  LN  X  Bin  NLM, 
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EXAMPLES. 

1.  At  120  feet  distance  from  tbe  ceotre  of  tbe  foot  of  a 
liberty  pole,  the  angle  of  elevation  of  its  top  was  38°  40'. 
Bequired  its  height. 

2.  The  distance  LN  (see  Article  185)  measures  90  feet,  the 
angle  of  elevation  {  is  42°  30',  tbe  telescope  being  4.8'  above 
the  horizontal  plane  LS.    Determine  height  of  the  point  P. 

3.  To  determine  tbe  height  of  ao  object  oo  an  inclined  plane, 
two  stations,  L  and  0  (marginal  figure.  Article  186),  were  se- 
lected, one  50  feet  and  the  other  110  feet,  meaBurod  on  the  slope 
from  N.  The  angle  iViP  =  40°  15',  and  NOP=n''  30'.  Ke- 
quired  tbe  height. 

Qderies.  Practically,  is  it  necessary  to  know  tiie  height  of 
ioBtrument  *  in  such  cases  ? 

If  there  was  a  change  of  slope  at  L,  would  any  other 
meaanrement  be  necessary  to  calculate  the  required  height? 

4.  Suppose  NL  (figure,  Article  186)  measures  60  feet,  and 
the  angles  of  elevation  at  i,  of  N  and  P,  are  respectively 
12°  80'  and  59"  20'.     Determine  the  height  of  P  above  N. 

B.    mAOOBSSLBLj:  HKiaHTS. 

18B.  To  determine  the  height  of  an  object  silttated  on  an 
inaaxsaibU  hill. 

Measure  in  the  same  vertical 
plane  with  P  a  horizontal  line 
LN,  and  observe  at  N  the  angles 
of  elevation  of  the  poiuta  0  and  P, 
and  at  L  the  angle  of  elevation  of 
In  the  triangle  LNP,  by  the 
sine  proportion,  calculate  PN. 

By  the  same  method,  find  ^0 
jVom  tbe  triangle   PON.     Then 

■  Height  oi  instraraent  li  the  height  of  the  line  of  tight  above  tbe 
the  ground,  or  wdj  other  utonied  horlznntsl  plane. 
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FO  "  PNfAa  PNM-  NO  sin  ONM. 

The  student  ma;  show,  after  fiDding  PN  and  NO  as  above* 
a  different  method  of  finding  PO  than  that  indicated. 

Ex.  At  a  certain  station  the  angle  of  elevation  of  the  base 
of  a  tower  on  a  hill-top  waa  38°  40',  and  that  of  tbe  top 
fiO°  15' ;  190  feet  more  remote,  the  angle  to  the  top  was  36°  20'. 
Tbn  stations  being  in  the  same  horizontal  plane,  required  tbe 
height  of  tower  and  of  the  hill. 

189.  Let  PO  he  an  objed;  vihoae  height  is  required.  Measure 
in  the  same  vertical  plane  with  P  a 
horizontal  base  line  LN,  and  observe 
the  angles  of  elevation  PLN  and  PNO. 
Then,  by  the  sine  proportion,  find  PN, 
and 

PO  =  PNe,iaPNO. 

ISa  OOienoiK.  PO  cot  L=LO, 
POootN=NOt 
LO-NO  =  LN; 
or,  PO  (cot  L-ootN)m,  LN. 
.•.P0  = 


LN 


ooti  — cot^ 

Ex.   If  LNsa  120  feet,  and  the  angles  at  L  and  Jfrespeo- 
tively  27°  60'  and  45°  19', 

P0=: — ^ — -=136.6*661.    Am. 

cot 27°  50' -cot 45°  19' 

ISL  If  it  is  impracticable  to  locate  the  base  line  in  a  hori- 
zontal plane,  meaanre   from  L  in  the  p 
direction  of  P  any  line  LN,  and  at  L 
take  the  angles  of  elevation  of  S  and  P. 
Observe  also  the  angle  at  N.     By  the 
sine  proportion  obtain  LP.    Then 

PO  =  LP&\nPLO, 
and         PR=  PO  ~RO  =  LP  sin  PLO  -  LN%\q  NLO. 
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QoEBT.  May  the  observed  angle  at  ^  be  either  LNP  or 
PNRf 

192.   OlherwiK.    L  and  N  being  in  different  planes,  meaaure 
the  horizontal  distance  between  them.     Observe  the  angle  of 
elevation  PLO  and  the  horizontal 
angles  OLN  and  ONL.      By  the 
e  proportion  And  LO.    Then 
PO  =  X0  tan  P£0, 
or,  expressed  in  a  single  equation, 
pQ  _.  Zif  sin  LNO  ton  PLO 
Bin  NOL  ' 

which  equals  the  height  of  P  atove 
the  horizontal  plane  through  L. 
If  it  is  required  to  find  the  height  of  P  above  the  horizontal 
plane  through  N,  proceed  as  follows :    AsBuming  ^  to  be  be- 
low *  L,  observe  at  N  the  angle  of  elevation  of  P ;  then  find  the 
horizontal  distance  between  N  and  0  by  the  sine  proportion, 
osing  the  triangle  NLO ;  thns,  sin  0 :  sin  ij  =  LN:  fourth  term. 
This  fourth  term  will  not  be  NO,  since  the  measurement  of  the 
distance  and  angles  employed  in  the  computation  is  referred 
to  a  horizontal  plane,  and  hence  the  fourth  term  will  express  the 
korizorUal  distance  between  Jf  and  O,  which  equals  NR,  R  being 
a  point  in  the  prolongation  of  Uie  vertical  PO.    Whence, 
Pfl  =  JTfl  tan  PNR. 

EXAMPLES. 

1.  At  &  certain  station  the  angle  of  elevation  of  tlie  top  of 
an  inaccessible  object  situated  on  a  horizontal  plane  waa  60°  50', 
and  120  feet  farther  away  the  angle  was  29°  10'.  Required  the 
height  of  the  object  and  its  distance  from  the  first  station. 

2.  SupposeX^(figure,  Article  191)  is  140  feet,  the  angles  of 
elevation  at  L,  ot  N  and  P,  are  respectively  9°  25'  and  80°  16', 

*  It  maj  obvioutlf  be  above  or  below  L ;  the  ume  reaaooing  will  bold. 
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and  the  angle  PNR=  42".     Find  the  hei^t  of  P  above  0 
and  R. 

S.   Id  fignFe,  Article  192,  suppose 

Ly=  1000  feet ;  angle  PLO  =  26°  18' ; 

angle  OLN==  36"  20' ;  angle  PNB  =  55=  10'. 

angle  OJfL  =  95'  40' ; 
Find  PO  and  RO. 

193.  To  determine  the  perpendityular  dielanee  from  a  given 
horizontal  plane  of  an  inacces»^e  object  situated  below  it. 

I«t  P  be  the  point  irhoBe  perpendicular  distance  from  a  hori- 
zontal plane  through  L  is  required.     Select 
two  points  L  and  2f  visible  from  each  other, 
and  from  which  P  can  be  seen.      Measure 
the  horizontal  distance  between  them; 
serve  also  the  horizontal  angles  PLN  and  ''i 
PIfL,  and  the   angle  of  depresBion  of   the  ^ 
point  P,  at  L.     By  the  sine  proportion  cal- 
culate the  horizontal  distance  from  It  to  P; 
this  multiplied  by  the  tangent  of  the  angle  '^ 

of  depression  observed  at  L  will  give  the  perpendicular  dis- 
tance required. 

If  L  and  N  are  not  in  the  same  horizontal  plane,  ollserve  at 
N  the  angle  of  depression  of  P,  and  calculate  as  above  the  per- 
pendicular distance  between  the  point  and  the  horizontal  plane 
through  If.  The  difference  of  these  perpendicular  distances 
will  also  give  the  difference  in  height  of  i  and  N.  A  check  on 
the  work  may  be  had  by  determining  from  more  direct  methods 
already  given  the  difference  In  elevation  of  L  and  2f. 

EXAMPLES. 
1.  At  L  and  2f  (last  figure)  the  horizontal  angles  measure 
respectively  67°  10'  and  43°  10' ;  and  sighting  P,  the  angles  of 
depression  taken  in  the  same  order  are  32°  18'  and  21°  42'.  The 
distance  between  the  etationa  being  1200  feet;  required  the 
difference  in  height  of  P,  L,  and  N. 
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2.   To  find  ttie  heigbtof  an  object,  PO,  standing  on  tbe  edge 

of  a  lake  and  inacceBaible  to  Z,  a 

BtatioQ    on    the    opposite   rocky 

shore,    a   distance    of   500   feet 

?  nas   measured    from  L  np  the 

elope  to  N,  where  tbe  angles  of 

J  depression  of  i,  0,  and  P  were 

observed    respectively,   89"  40', 

S5°  20',  and  21°  32'.    Beqaired  the  height  of  PO. 


194.  To  determine  the  height  of  an  object,  and  its  distance 
from  three  obaerving-stations  situated  in  a 
straight  line  and  in  the  horizontal  plane 
through  the  foot  of  the  object. 

Let  PO  TepreseDl,  the  required  height ;  L, 
B,  and  N  the  stations  ;  the  angles  of  eleva- 
tion of  P  taken  at  each  and  in  the  oi-der 
'^  named  a,  fi,  and  6.  The  distance  LB  =  a, 
BN=  b,  and  the  nnknown  height  =  x.  Itis 
evident  that  the  triangles  POL,  POB,  and 
POy  are  right-angled  at  0,  and  therefore 
OL  =  a:  X  cot  o. 
0B  =  XX  cot  p. 
02f=  ai  X  cot  fl. 

Again,  drawing  OJIf  perpendicular  to  Z^,  we  shall  have  from 
the  acute-aogled  triangle  LOB, 

0I^=0^  +  bV-2BLxBM, 
and  from  the  obtuse-angled  triangle  NOR, 

ON*=U^  +  B2f*+2BNxBM; 
or,  substituting  the  proper  values  for  the  lines  represented,  we 
shall  have 

a:?cot'*  =  a:*eof^-»-a*-2o  MR, 

;^cot*fl  =  x'cot*(S  +  &'-H26  MR. 
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EliminatiQg  MB  by  mnltiplyiDg  the  first  by  b,  the  second  b;  a, 
addiog  and  factoring,  we  obtain 

=  as"  oolfffia  +  b)+  a6(a  +  6). 


Hf. 


ab(a  +  b) 


b  cot^o  +  ooot'tf  -  00^,8(0  +  b) 
If  the  stations  are  equidistant,  the  formula  reduces  to 


-4. 


cot'o  +  cot?tf  — 2cot';3 


Having  obtained  the  height  of  P  above  the  plane,  tlM  hori- 
zontal distance  from  the  object  to  either  station  may  t)e  deter- . 
mined  by  multiplying  this  height  by  the  cotangent  of  the  angle 
of  elevation  at  the  station.  The  oblique  distance  from  either 
station  to  /*  is  given  by  the  product  of  PO  and  the  cosecant  of 
the  angle  of  elevation  at  the  station. 

INAOOBtSSIBLB  DtSTANOBa. 

196.    The  distance  apart  of  three  objects,  L,  0,  and  JT,  in- 
accessible  from  P  are  known,  viz. :  ^ 
iO  =  2000  feet,  0^=1800  feet,  and 
LIf=  2i00  feet.    At  P,   situated  in 
the  prolongation  of  ON,  the  observed  . 
angle  =  21°  48';   how  lar  ia  It  from 
station  P  to  each  object? 

First  calculate  angle  0 ;  then  in  the 
triangle  POL  there  will  be  known  all 
the  angles  and  one  side,  whence  the  re> 
qnired  distances  may  be  readily  found. 

Uanally  the  station  P  cannot  be  chosen  so  as  to  fall  in  02f 
or  OL  produced ;  then  the  measarement  of  two  angles  will 
generally  be  sufficient,  with  the  known  distances  to  locate  the 
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point  of  observation. 
angles  are  aa  follows : 


For  example,  suppose  the  diataDces  and 


yO  =  ?  =  3000  feet ; 

OZ.  =  n  =  3600  feet ; 

LN=  o  =  4800  feet ; 
angle  JV"PO  =  a  =23°  40'; 
angle  LPO  =  /3  =  29"*  50'. 

By  conatrtKtion,  the  point  P  may  be  found  as  follows :  Sub- 
tjact  from  180°  2  LPO,  and  from  LO  lay  off  at  L  and  0  the 
angles  LOM  and  OLM,  each  equal  to  half  the  remainder. 
From  the  point  Af  thus  determined  as  a  centre,  and  with  a 


radius  LM,  describe  the  circumference  OLP.  The  angle  LPO 
will  then  be  contained  in  the  segment  LPO,  and  the  point  P 
must  be  somewhere  in  the  circumference  OLP.  In  like  man- 
ner, by  means  of  the  angle  OPy,  find  another  circumference 
ONP,  in  which  the  point  P  must  be  situated.  The  intersec- 
tion of  these  circumferences  indicates  its  position. 

The  angle  at  the  circumference  being  half  that  at  the  centre, 
the  angle  LMO,  subtended  by  the  same  chord  as  LPO,  will  be 
2  LPO,  and  the  angles  OLM  and  LOM  being  equal  and  to- 
getber  the  supplement  of  LMO,  each  angle  will 

.l?»!=l^™  =  90- -iPO. 
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Othenoiae,  Construct  an  angle  NLB  equal  to  OPS';  also 
LNR  equal  to  OFL,  and  describe  a  circumference  through  the 
points  L,  R,  and  N.  The  point  P  must  lie  in  the  circumfer- 
ence, and  also  in  the  line  drawn  from  0 
through  R.  Their  point  of  intersection 
therefore  wHI  indicate  itB  position. 

The  student  may  give  the  reason. 

196.  By  Calculation.  Pass  a  circle 
through  the  points  L,  N,  P,  and  ]Oin  L 
and  ^with  i2,  thus  forming  a  triangle 
in  nhicb  the  angles  RLN&aA  RNL  are 
equal,  respectively,  to  the  observed  an- 
gles BPN  and  RPL,  and  these,  with 
the  known  side  LN,  furnish  data  sufficient  to  coin[iute  the  sides 
LR  and  RN.  Next  calculate  the  angle  ONL,  whence,  by  sub- 
traction, the  angle  ONR  b  found.  Now,  in  the  triangle  NOR 
there  are  given  two  sides  and  the  included  angle  to  find  NOB 
and  ORS,  or  its  supplement  PRN,  and  by  means  of  the  sine 
proportion  and  the  triangles  PON  and  POL  the  distances  PN, 
PO,  and  PL  may  be  obtained. 

Otherwise.  After  finding  the  angle  0,  obtain  an  expression 
for  either  OLP  or  ONP,  and  then,  by  tie  sine  proportion,  the 
required  distances. 

Denote  the  angle  OLP  by  ^,  ONP  by  ^,  and  the  other  parts 
as  before ;  then 

sin/S:  sin*- n:  OP,  or  0P=  ^4^; 


no:sin^  =  i  :0P,  or  0P=- 


sm<^= 
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—  a-P  —  0-ilt; 


Again,     ^nSeO  — a- 
or,  putting  360  —  a  —  ^  —  0  =  *, 

^  M  0  —  ^,  Id  which  6  ia  known ; 

DeTeloping  the  lef  t-h&ud  member,  dividing  throng  by  ooe  ^, 
and  simplifyiog,  there  resulta 


I  sin  /3  +  n  sin  a  cob  & 
+  cottf. 


n  sin  ft  Bii 


There  are  therefore  but  three  etepa  in  the  eolntiiMi: 

1.  Calculate  Hie  angle  0,  and  thence  obtain  $. 

2.  Find  tan  ^,  or  cot  ^. 

8.   By  sine  proportion,  calculate  Py,  PO,  and  PL. 

In  the  example  given,  since  the  sides  are  in  the  proportion 
5:6:8,  the  angle  0  may  be  readQy  fonnd  from  the  well-known 
formula  for  the  cosine  of  an  angle. 




60 

and 

«-313 

38' i 

whence 

^  —  109° 

58', 

*-10S' 

M'. 

«in  2S'40' 

A 

:  Bin  109°  53' 

;;S0O0 

;PO=7028 

-0.S96406 
-9.973307 
=  3.477121 


■  Regard  miut  be  given  to  the  aigns  of  the  trigonometrical  fonctiona. 
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Bin  23°  40' 

At.  CO.  =  0.396406 

:  Bin  46°  27' 

=  9.860202 

t:3000 

=  3.477121 

:PN=&il7 

=  3.738729 

BID  29"  50' 

At.  CO.  =  0.303225 

:  Bin  46'"  25' 

=  9.859962 

::8600 

=  8.556303 

:  Pi  =  5242 

=  3.719490 

If  the  supplement  of  the  observed  angles  at  P  equals  the  angle 
at  0,  the  circle  will  pass  through  the  three  points  L,  If,  and  0, 
and  P  may  be  anywhere  on  the  circumference,  and  hence  its 
distance  i&  indeterminate  by  the  first  method  given  above  ;  and, 
snbetituting  in  the  formula  the  proper  values  to  find  cot  ip  by  the 
second  method,  the  numerator  of  the  fraction  will  become  in- 
finite, &a  also  the  cot  tf;  bence,  such  an  observation  will  fail  in 
both  cases  to  locate  the  point  P. 


Suppose  iJ?=960  rods,  NO  676  rods,  iO  640  rods,  the 
angle  LPO  =  19°,  and  NPO  =  25°.  Find  the  distences  PO, 
PN,  and  PL. 

Ana.   PL  =  758  rods ;  PO  =  1310  rods ;  PN==  1850  rods. 

197.    From  the  top  of  a  mountain  m  miles  high  the  angle  of 
depression  of  a  line  tangent  to  the  earth's 
surface  is  a  degrees ;  it  is  required  thence 
to  find  an  expression  for  the  radius  of 
the  earth,  assuming  it  to  be  a  sphere. 

Let   0  represent  the  centre  of  the  / 
earth  ;  2f  the  mountain  top ;  P  the  point  I 
of  tangency ;  OP  and  OB  radii  of  the  i 
earth ;  BN  the  height  of  mountain  and 
prolongation  of  OE. 
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Draw  2fL  perpendicular  to  OJV,  and  denote  the  radiae  o(  the 
earth  by  r ;  then,  since  NL  and  2/^P  are  respectively  perpendic- 
ular to  ifO  and  OP,  the  angle  ^0P=  the  angle  of  depressioD 

Hence  (r  +  m)  ooaa  =  r. 

Ana. 


1  — COfla 

MISCELLANEOUS  PROBLEM^. 

1.  Determine  the  height  of  a  bill,  knowing  that  the  angle  of 
elevation  of  its  top  from  a  certain  station  =  50°,  and  at  a 
station  SOO  feet  more  remote  the  angle  of  elevation  =  36"  20'. 

2.  The  angle  of  depression,  taken  from  a  balloon  to  a  station 
whose  horizontal  distance  is  known  =  1&°  40'.  Find  the  height 
of  the  balloon. 

3.  Two  war  vessels,  desiring  to  ascertain  their  distances 
from  a  fort,  remove  from  each  other  2000  feet,  and  measure  the 
angle  between  each  other  and  the  fort;  the  angles  being 
79°  40'  and  82°  20',  what  were  their  distances? 

4.  Two  observers  on  the  same  horizontal  plane,  1500  feet 
apart,  and  in  a  vertical  plane  with  a  balloon,  ob8er\'e  its  angles 
of  elevation  to  be  62°  40'  and  71°  10'.  Requii'ed  the  height  of 
the  balloon. 

5.  The  passage  between  two  objects  L  and  N  being  ob- 
structed by  a  swamp,  the  lines  LP=420  feet,  and  7*^=  540 
feet,  were  measured,  and  the  angle  LPN  observed  =  86°  42'. 
Find  the  distance  L2f. 

6.  What  distance  can  a  person  whose  eye  is  5^  feet  above 
the  ocean  see  its  surface?    Assume  radius  =  3960  miles. 

7.  If  the  sun  subtend  an  angle  of  S2°  2',  and  bis  distance  from 
the  earth  is  93,000,000  miles,  what  is  his  diameter? 

8.  What  is  the  altitude  of  the  sun  when  the  shadow  of  a  staff 
cast  on  a  horizontal  plane  is  to  the  height  of  the  staff  as  7  to  5  ? 
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9.  If  the  borizoDtal  parallax  *  of  the  moon  be  56'  50"  and 
tbe  diameter  of  tbe  earth  7920  milee,  what  is  the  distance  of 
the  moon  from  the  earth? 

10.  If  the  moon  subtend  an  angle  of  81'  14",  wbeo  its  dis- 
tance is  240,000  miles,  what  is  its  diameter? 

11.  When  the  meridian  altitude  of  the  snn  is  50°,  the  shadow 
cast  b;  the  peak  of  a  mountain  reaches  a  certain  point  on  a 
horizontal  plain ;  but  when  his  mid-day  altitude  is  60°,  the 
shadow  strikes  a  point  2000  feet  nearer  tbe  base  of  tbe  mouD- 
tain.     Determine  tbe  height  of  the  mountain  above  the  plain. 

Ql-eries.  If  on  the  same  da;  two  obsen'ations  were  made 
on  the  Bun  for  altjtude,  one  or  both  when  he  was  not  on  the 
meridian,  and  the  length  of  the  shadow  measured  as  in  Ex.  11, 
would  sufficient  data  be  thus  obtained  to  determine  the  height 
of  the  mountain  ? 

Would  it  be  possible  with  data  obtained,  as  id  the  first  query, 
to  ascertain  the  height  of  the  mountain  if  the  sun  was  vertical 
over  the  mountain  at  noon? 

12.  If  the  height  of  a  mountain  is  m  miles  and  its  top  is  visi- 
ble d  miles,  find  an  expression  for  the  diameter  of  the  earth, 
assuming  it  to  be  a  sphere. 

13.  The  angle  of  depression  taken  on  the  top  of  Peak  of 
TeneritTe,  which  is  two  and  a  half  miles  high,  to  the  fartliest 
visible  point  was  2°  2'.  It  ia  required  to  determine  the  observed 
distance  and  tbe  diameter  of  tbe  earth,  assuming  it  to  he  a 
sphere.  Dist.,  140,876  miles;  Diam.,  7936  miles.  Ana, 


1.   Measure  tbe  height  of  a  flagstaff  or  church  spire  above 
the  street. 
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2.  Measure  the  height  of  a  monumeDt,  tower,  or  some  ottier 
promment  building  upon  a  hill,  without  obtaining  the  diBt&noe 
to  the  foot  of  the  object.  Also,  if  practicable,  measure  t^e 
distance  to  the  foot  of  the  object  and  the  proper  angles.  Com- 
pute and  compare  results  with  each  other,  aod  with  the  actual 
height,  if  it  cao  be  ascertained. 


BBOOBOraa  TBB  FIBLD  MOTHB. 

196k  The  Field  Votes  may  be  recorded  in  various  ways,  de- 
pending upon  the  instrument  used,  and  the  extent  and  intricacy 
of  the  survey. 

First  Method.  If  the  compass  is  employed,  the  bearings 
simply  to  be  taken,  distances  measured,  aod  the  tract  bounded 
by  straight  lines  (no  offsets),  the  simplest,  most  compact,  and 
also  most  convenient  form  for  the  subsequent  calculation  of  the 
area  is  to  write  the  stations,  bearings,  and  distances  in  three 
columns,  thus : 


STiTIOBS. 

B^.a.. 

DlSTAIKIM. 

RlHARE*. 

1 

S.  21°  58'  E. 

13.11 

To  a  maple. 

2 

N.  48"  12'  E. 

13.70 

"    birch. 

3 

N.  43°  40'  W. 

4.73 

"    »lak«  and  BtoDM. 

4 

N.  46=  08'  W. 

4,75 

"    whit*gik. 

6 

S.  61*'  W. 

2,6S 

fl 

S.  72}"  W. 

8.58 

X99.  Second  Method.  If  the  tract  is  not  laige,  and  there  are 
offsets  in  addition  to  the  bearings  and  distances,  or  if  simply 
tht  angles  and  distances  are  measured,  a  very  good  method, 
especially  for  a  beginner,  is  to  make  a  rough  plat  of  the  survey. 
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and  indicate  in  their  corresponding  places  on  the  sketch  the 
bettringB,  or  angles,  and  the  lengths  of  the  lines  and  ofFsets,  as 
shown  below : 


The  above  is  a  sketch  of  a  small  field,  showing  offsets  to 
stream,  etc.    The  following  are  hast;  snrveya  of  bonndaries, 
etc.,  of  land  for  proposed  park  in  City  of  Wilmington,  Del., 
July,  Angnst,  and  September,  1885 : 
ImtrumattM  .■  TruMit.    Cbeitermao's  lOO-foot  ateel  tape. 
Vork: 

Lines  mn  with  tniuit,  and  carnally  meunred  with  ateel  tape  from 

•taUon  to  itstion. 
Anglei  between  these  line*  taken,  alwayi  from  left  to  right. 
Magnetic  bearingi  of  line*  taken. 
Station*  nnmbered  or  lettered  in  regular  order. 
Oflietfl  (tometimes  angle*  and  dittance*)  taken  (o  locate  homea,  coi^ 
ner*  of  fence*,  etc.,  ofl*et*  made  at  right  angle*  with  line*  Joining 
station*. 
Notti: 

Taken  free-hand  in  (mall  note-book*  (eize  6j"  X  S)"). 

Sketche*  made  to  lait  the  page  and  to  make  the  matter  clear  for 

plotting. 
The  njnal  check*  naed  on  field  and  olBxx  work. 
Explanatitm  o/StetcAa: 

No.  1.  Single  page  of  note-book.     Location  of  fence*  on  boundary  of 

land  propoted  for  park. 
Ko.  2.   Two  oppoiite  page*  of  note-book.    Location  of  road  throngii 

land  proposed  for  park,  showing  railroad  crosaing. 
No.  3.   Two  oppocite  pages  of  note-book.   Location  of  run  between  two 

adjoining  owner*  of  land  propoied  for  park. 
No.  i.  Two  oppotite  page*  of  note-book.    Location  of  haa*ea,  etc.,  in 
land  propo*ed  for  park. 
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..Jp" 


e  I  Station  h 
No.  1. 
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20a  Third  Method. 
The  column  method,  an* 
ftlt^ns  to  that  shown 
in  Article  38,  Chain 
Sorveying,  is,  however, 
the  moat  general.  If 
the  bearings  are  taken, 
tliey  may  be  inserted  in 
the  column  either  vetti- 
cally  or  diagonally ;  if 
only  the  angles  are  ob- 
seiTed,  they  should  be 
placed  at  the  stations 
which  indicate  where 
the  measurements  were 
made.  The  objecta  to 
which  otfaeta  are  meas- 
ured may  be  designated 
or  delineated  on  the 
marginal  side  of  the  line 
as  they  naturally  ap- 
l>ear.  Where  streams, 
roada,  fences,  etc.,  cross 
the  line ,  representations 
of  them  are  made,  in- 
dicating approximately 
their  direction ;  or,  If 
desirable,  their  bear- 
ings, or  angular  devia- 
tions  from  the  line,  may 
be  taken  and  recorded. 
The  following  notes 
will  more  fully  explain 
the  method  under  con- 
sideration : 
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Llmeitane,  middle  of  public  road. 


Stake  &  StODM,  cor.  to  L.R.  in  A.L.'b  line. 
Middle  of  TO«d. 
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V.V.  in  C.C.'»  line. 


Limettone,  COT.  to  3S.K,  in  C.C.'t  Use. 
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w 

Umeitane.    8M.  (1)  in  foKgoing 

dcBcriptioD. 

10.49 

9.00 

a 

1 

ai. 

iO) 

Limnto^. 

10.41 

Lane  leading  to  dwelling,  S.1PE. 

9.00 

PBam. 

e.40 

W 

Hotue  eC  from  line. 

H 

S 

X 

20.38 

U 

S 

K 

0) 

White  oak  itump.     Sta.  (1)  in 
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The  notes  show  that  the  aides  of  the  tract  were  first  survejed ; 
which,  with  their  bearings  and  distances,  include  also  the  loca- 
tion and  general  direction  of  road-crossings,  streams,  etc.,  a 
description  of  the  comers,  and  the  names  of  owners  of  property 
adjoining  the  survey.  Next  to  traversing  the  bonoding  lines, 
the  survey  of  the  public  road,  crossing  the  farm  from  east  to 
west,  was  made.  This  road  enters  the  tract  at  station  (1) ; 
at  6.40  chains  from  {B)  it  passes  a  house  which  is  60  feet 
to  the  right ;  at  9.00  chains  a  road  to  the  left,  the  bearing  of 
which  is  given ;  at  10.41  chains  is  a  corner  at  end  of  lane  lead- 
ing to  dwelling ;  near  the  east  end  of  road  a  stone  honse  is 
located,  at  100  feet  north  of  the  tine ;  and  at  10.49,  station  (4) 
of  sides  survey  is  reached,  at  which  point  the  road  leaves  the 
farm.  The  survey  of  the  lane  to  the  dwelling,  and  thence  to 
the  creek.  Is  next  recorded.  Here  are  noted  the  intersection  of 
a  line  S.  79°  10'  W.,  and  the  distances  on  this,  east  and  west, 
to  spring  runs,  as  well  as  the  distances  to  the  east  and  west 
sides  of  the  tract ;  *  the  dwelling  and  b&rn  are  located,  and  the 
limestone  on  the  north  bank  of  Big  Brook  reached.  A  line  was 
run  from  this  last  point  to  station  (11),  which,  in  connectioD 
with  the  sun'ey  of  the  lanes,  the  public  road,  and  the  cross-line 
from  LtoV,  gave  proof  of  the  accuracy  of  the  work. 

*  Thi*  line  was  made  «  boondur  in  the  inbteqnent  diriiion  of  the  land. 
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SECTION   VI. 

LA.TITDDB8  AND  DSPABTDBBS. 

301.  Tha  Diffaranoe  of  Latitude  of  the  two  ends  of  a  line  is 
the  perpendicular  distance  between  the  parallela  of  latitude 
which  pass  through  them,  and  is  reckoned  north  or  south, 
according  as  the  beariog  is  northerly  or  southerly. 

The  Difference  of  Longitude  of  the  two  ends  of  a  line  is  the 
perpendicular  distance  between  the  meridians  which  pass  through 
them,  and  is  reckoned  east  or  west,  according  as  the  bearing  is 
easterly  or  westerly. 

The  difiFerence  of  latitude  of  a  line  is  often  called  briefly  the 
UuUude,  or  northing  or  southing ;  and  the  difference  of  departure, 
its  departure,  or  easting  or  westing. 

It  will  be  perceived  from  the  definitions  just  given  that,  when 
a  line  bears  either  due  oortb  or  south,  the  distance  equals  the 
latitude,  and  the  departure  is  nothing;  but  if  the  bearing  is 
east  or  west,  the  distance  and  departure  are  equal,  and  the  lati- 
tude is  zero.  Furthermore,  it  will  be  seen  that  in  all  other 
cases  except  those  just  cited,  the  latitude,  departure,  and  dis- 
tance form  the  three  sides  of  a  right  triangle:  the  distance 
being  the  hypotenuse,  and  the  latitude  and  departure  the  aides 
about  the  right  angle. 

Let  LP  represent  a  line  given  by  its  bearing  and  distance ;  It 
is  required  to  determine  its  latitude  and  departure. 

Let  OL  and  PJf  represent  paraUels 
of  latitude,  and  LM  and  OP  meridians. 
The.lengthaofZ,Jlf=  OP  And  LO=MP 
are  required. 

The  problem  stated  simply  is :  Given 
in  a  right  triangle  LMPtiie  hypotenuse 
LP  (distance),  the  angle  L  (bearing), 
to  find  the  side  I>3f  (latitude) ,  and  MP 
(departure) . 
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From  Trigonometi'y,  LM=LPimbL, 
MP=LPsiuL. 

So  it  is  seen  tb&t  the  latitude  of  a  line  is  obtained  by  taking 
the  product  of  the  distance  aod  the  cosijie  of  the  bearing,  and 
the  departure  is  equal  to  the  product  of  the  distance  and  sine  of 
the  bearing. 

202.  The  case  just  treated  is  the  principal  one  which  the 
aarve;or  will  use,  since  it  ie  oecessary  —  as  will  subsequently  be 
seen  —  in  computing  areas,  to  detennine  the  latitudes  and  de- 
partures ;  and  by  these  formulas  he  will  generally  obtain  them, 
having  taken  in  the  field  the  bearings,  or  angles,  and  distances. 

Otlier  cases,  however,  will  occur  in  practice  referring  to  the 
triangle  L3fP,  and  for  convenience  they  are  here  subjoined. 

Designating  the  length  of  the  line,  or  distance,  by  a,  the  bear- 
ing by  b,  the  latitude  and  departure  respectively  by  I  and  d, 
then  we  may  write  the  following  formulae : 


Cam. 

OlTBR. 

TOBKDLIB. 

b.        .. 

1,       d. 

l=.eo»b. 

rf  =  ..lni. 

b,         1. 

1,       d. 

■=^r' 

«ci,     d  =  H^b. 

b.       d. 

M.              1. 

-£-.■ 

tmnb 

,,         /. 

b.            d. 

CM*   =  '-, 

d=  Vi^^^. 

*.    d. 

b.              I. 

.i„j  ,i. 

l=V^^^. 

i,     d. 

b,             S. 

«..=f 

,=  VP  +  <f'. 

1.   Given  the  bearing  and  distance  of  a  line,  N.  23°  54'  W. 
18.25  chains ;  required  its  latitude  and  departure. 
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2.  Given  the  bearing  of  s  line  N.  67°  40'  E.,  and  the  depart- 
ure 2640  feet  J  find  its  distance  and  latitude. 

3.  Given  the  lengtti  of  a  line  24.60  chains,  and  the  departure 
17.40;  find  its  bearing  and  latitude. 

4.  Given  tfae  latitude  23.76  chuna  south,  and  the  departure 
0.94  chaine  west ;  required  the  bearing  and  distanoe. 

5.  Given  the  distance  1866  feet,  and  the  latitude  943 ;  deter- 
mine its  bearing  'and  departure. 

6.  It  is  required  to  find  the  distance  and  departure  of  a  line, 
given  the  bearing  S.  80'  W.,  and  latitude  10.80  chtuns. 

203.  Tha  TraTene  Table.  B;  the  use  of  Formula  1,  last 
article,  latitudes  and  departures  have  been  calculated  for  ever; 
quarter-degree  of  the  quadrant,  corresponding  to  distances  from 
1  to  10,  and  even  from  1  to  100 ;  these  results  tabulated  con- 
stitute the  traverse  laNe.  Such  a  table  was  considered  quite 
indispensable  when  the  compass  was  the  principal  surveying 
instrument,  but  since  the  more  accurate  transit  has  to  a  great 
extent  superceded  the  compass,  and  surveyors  are  now  reading 
to  mimttes  instead  of  quarter-degrees,  the  common  traverse  table 
reading  only  to  quarter-degrees  is  of  little  practical  value. 

When,  therefoi-e,  the  bearings  are  read  to  minutes,  the  lati- 
tudes and  departures  are  generall;  best  obtained  from  a  table 
of  natural  sines  and  cosines.* 

However,  for  the  benefit  of  those  engaged  in  compass  survey- 
ing, and  for  those  who,  though  reading  to  minutes,  prefer  to 
obtain  by  interpolation  the  latitudes  and  departures  from  the 
traverse  table,  one  is  given  near  the  end  of  this  volume. 

*  A  tnTerae  Uble  in  which  the  calcnlationi  are  made  to  every  minutt 
of  bearing  for  diitancei  from  1  to  10  and  extending  to  Ave  decimal  pUces, 
would  aniwer  the  pnrpote  adinirabl7.  Such  a  table  ia  in  eiiateoce,  but  it 
a  Dot  common.  The  common  tables  of  natoral  linei  and  coiinet  are  lim- 
plj  tablei  of  Utitndei  and  departures  corretpoudiiiK  to  a  imit'a  distance. 
With  a  distance  2,  the  latitude  and  departure  are  twice  those  in  the  tsible; 
when  the  distance  is  8,  three  times ;  when  x,  n  times. 
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ExpUnatloiL  of  the  Traveru  Table.  The  number  of  degrees 
in  tLe  bearing  if  it  does  not  exceed  45  is  found  in  the  leftrhand 
column  of  the  page,  and  the  latitudes  and  departures,  as  indi- 
cated at  the  top,  may  be  taken  under  the  proper  distance ;  if 
the  nainber  of  degreea  is  greater  than  45,  it  is  found  in  the  right- 
liand  column  of  the  page,  and  the  columns  of  latitudes  and 
departures  are  indicated  at  the  bottom.     For  example : 

1.  Let  it  be  required  to  find  the  Utitnde  and  departure  cor- 
responding to  a  bearing  N.  34°  30'  E.  and  distance  5  chains. 

We  Sod  \a  the  table,  opposite  S4°  &W  and  under  "  distance  5," 
in  the  column  headed  "Lat.,"  4.121,  and  in  the  column  headed 
"Dep.,"  2.832.  Hence  the  latitude  and  departure  are  respec- 
tLvel7  4.12  N.  and  2.83  E. 

2.  Required  the  latitude  and  departui-e  of  a  line  bearing  N. 
72i°  W.  9  chains. 

Looking  in  the  column  at  the  right  of  the  page  for  72°  15', 
and  under  "distance  9,"  we  find,  reading  at  bottom, 

in  the  Lat.  column,  2.744; 

in  the  Bep.  column,  8.572. 
Hence  the  latitude  is  2.74  chains  N.,  and  the  departure  8.57 
chains  W. 

aM.  The  table  may  be  used  to  find  the  latitude  and  depart- 
ure for  any  distance  however  great.  If,  in  first  example  alx)ve, 
we  suppose  the  bearing  to  remain  the  same,  but  the  distance  to 
be  60  chains ;  then,  since  for  the  same  bearing  tbe  latitudes  and 
departures  vary  directly  as  the  distances,  the  latitude,  or  depart- 
ure, for  50  chains  is  10  times  tliat  for  5 ;  and,  as  multiplying 
by  10  is  in  effect  removing  the  decimal  point  one  place  to  the 
right,  we  may  take  directly  from  the  table  opposite  5  the  lati- 
tude and  departure  of  50,  or  41.21  N.  and  28.32  £. 

If  the  distance  is  not  a  multiple  of  10,  but  made  up  of  units 
and  tens,  we  may  take  out  of  the  table  the  latitude  and  depart- 
ure for  the  units,  and  for  the  tens  as  indicated  above.  The  sum 
of  these  will  evidently  be  the  latitude  and  departure  required. 
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8.  Let  it  be  required  to  flDd  tlie  latitade  and  departure  of  a 
lioe  S.  40°  E.  34  chaioa. 

Looking  in  tbe  table  opposite  40°  and  nnder  *'  distance  3," 
take  out  at  ouce,  by  conceiving  the  decimal  point  removed  one 
place  to  the  right. 


For  30  chains, 

Lat.  22.98 

Dep.  19.28 

Then     "     4      " 

"      3.06 

"       2.57 

34  chains. 

Lat.  26.04  S. 

Dep.  21.85  E 

By  an  extension  of  the  above  principle,  the  table  may  be  used 
to  obtain  the  latitude  and  departure  when  the  distance  is  com- 
posed of  chains  and  links. 

4.  Given  the  bearing  of  a  line  S.  28°  45'  W.  26.58  chains,  to 
find  its  latitude  and  departure. 

For  20       chains,       Lat.  =  17.53  Dep.  =   9.62 


26.58  chains,       Ut.  =  28.80  S.        Dep.  =  12.79  W. 

5.  Find  by  tbe  traverse  table  the  latitude  and  departure  of  a 
line  bearing  N.  41°  45'  £.  17.29  chams. 

6.  Given  the  bearing  of  a  line  S.  i'  W.,  distance  23.48 
chains,  to  find  its  latitude  aod  departure. 

7.  What  are  the  latitude  and  departure  of  a  line  beaiing  S. 
85''30'E.  185.42  chains? 

6.  If  tbe  bearing  and  distance  are  N.  89|°  W.  20.09  chains, 
what  are  the  latitude  and  departure? 

a05.  By  means  of  interpolation  the  traverse  table  may  be 
med  to  And  the  latitude  and  departure  when  the  bearing  is 
given  to  minutes.  Thus,  the  bearing  being  N.  34°  20'  E.  any 
given  distance,  take  ont   the  latitude  and   departure  corre- 
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spondiDg  to  34"  15'  and  the  given  distance,  and  add*  to  that 
departure  ^,  or  ^,  of  the  difference  between  it  and  that  corre- 
sponding to  34°  80'  and  the  given  dietance,  for  the  departure 
required.  Likewise  obtain  -^  of  the  difference  between  the 
latitudes  corresponding  to  34°  15'  and  Si"  30'  and  the  distance, 
and  subtract*  from  ^e  latitude  first  found  for  the  Latitode 


For  a  bearing  34°  23',  the  fractional  part  to  be  taken  of  the 
difFerence  between  34°  15'  and  34°  30'  would  be  -ft ;  the  numer- 
ator being  the  excesa  in  minutes  above  tlie  quarter,  and  the 
denominator  15. 

306.  In  the  absence  of  a  traverse  table  calculated  to  minntes, 
the  table  of  natural  sines  and  cosines,  ae  before  stated,  ia  the 
best  to  use  when  the  bearings  are  given  to  minutes. 

It  is  shown  in  Article  201  that  the  cosine  of  the  bearing  mnl- 
tiplied  b,v  the  distance  gives  the  latitude,  and  the  product  of  the 
distance  and  sine  of  bearing  gives  the  departure. 


1.  The  bearing  and  distance  of  a  line  are  N.  87°  43'  W. 
24.29  chains ;  required  its  latitude  and  departure. 

Four   places  of   decimals  from  the  table   will  usually  be 
anfflcieut. 

The  cosine  of  37°  43'  true  to  four  placeB=  .7911. 

The     sine  of  37°  43'  true  to  four  places  =  .6118. 

.7911  X  24.29=  19.21  N.  Lat. 

.6118  X  24.29=  14.86  W.  Dep. 

The  following  contracted  form  of  multiplication,  using  five 
decimal  placee,  gives  practically  the  same  result: 

Cosine  of  bearings. 79105;  sine  of  bearing  =  .61176, 

■  The  depu-ture  increaiei  with  on  increaie  of  the  bearing;  the  latitude  - 
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0       chains,  Lat. » 15.8210  Dep.  =  12.2852 

i           "  "    =   3.1642  "     =   2.4470 

.2        "  "    =      .1582  "      =      .1224 

.09      "  "    =      .0712  "      =      .0551 

24.29  chains,  Lat.  =  19.21  N.  Dep.  =  14.86  W. 

2.  Find  the  latitade  and  departure  of  a  line  bearing  S.  62°  17'£. 
S7.18  chains. 

S.  Required  the  latitude  and  departure  of  a  line  N.88°57' W. 
28.97  chains. 

4.  Required  tlie  latitade  and  departure  of  a  line  bearing 
S.  i'  E.  2640  feet. 

5.  Given  the  bearings  and  distances  of  two  lines  running 
from  the  same  point  P,  as  follows:  fO,  N.  38°  37' E.  1760 
feet,  and  PL,  N.  71°  54'  E.  1320  feet ;  to  find  bj  means  of  Ut- 
itudes  and  departures  the  distance  OL. 

6.  Assuming  PO  bears  N.  48°  17'  W.  27.42  chains,  and  PL 
S.  36°  28'  W.  19.24  chains,  find,  as  in  the  last  example,  the 
distance  OL  between  the  extremitiee  of  the  lines. 

207.  Tecting  a  Survey.  It  ia  evident  that  when  a  Burveyor 
has  passed  completely  round  a  tract  of  laud  and  returned  to  the 
place  of  beginning,  he  has  gone  in  a  northerly  direction  jast  aa 
far  aa  he  has  gone  in  a  southerly  direction,  and  as  far  easterly 
as  westerly.  Hence  the  sum  of  the  north  latitudes  should  equal 
the  sum  of  the  south  latitndes,  and  the  sum  of  the  east  depart- 
ures equal  the  sum  of  the  west  departures.* 

Id  practice,  this  degree  of  accuracy  is  seldom  attained,  tm 
various  causes  Incident  to  the  manipulation  of  tbe  iDStruments, 
their  inherent  defects,  imperfect  chaining,  etc. 

*  If  the  Burrej  U  efiecled  by  traTeniug  (Article  163),  the  reading  at 
the  last  itation  Bhoold  be  360°  or  0°.  U  the  interior  anglei  are  meaiured, 
-their  Bum  should  eijual  twice  aa  many  right  anglea  less  fom'  as  tbe  figure 
has  sidee.  U  a  small  error  exiita,  it  moat  be  distributed  evenlj  among  the 
angles,  unless  on  account  of  the  difficult  of  obterriog  one  or  more  of  the 
angles,  these  should  have  a  larger  share  of  the  error.    See,  also,  Article  166. 
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On  account  of  tbe  varfing  conditions  in  different  sui'^-eye,  it 
ia  impracticable  to  state  pi-ecisely  how  great  an  error  ehonld  be 
allowed  without  a  re-aurvey  of  the  tract.  A  rnle  UBoally  fol- 
lowed by  compass  Bnrreyore  is  to  allow  an  error  of  1  link  for 
every  5  chains,  1 :  500'. 

This  is  perhaps  a  fair  average  for  ordinary  farm  surveying. 
If  tbe  ground  ie  exceptionally  clear,  and  quite  level,  an  error  of 
1 :  1000  is  not  too  great ;  if,  on  the  other  hand,  Uie  ground  is 
nneven,  rocky,  and  brushy,  1 :  300,  or  even  1  :  200,  might  be 
allowed.  The  error  resulting  from  a  transit  survey  of  the  same 
ground  should  be  much  less.  For  the  average  case  given  above, 
instead  of  1 :  500  it  should  not  be  mnch  less  than  1 :  1200. 

The  above  rules  are  cited  simply  as  guides  to  the  young  snr- 
veyor  to  aid  him  in  forming  a  standard  for  himself,  based  on 
his  own  experience. 

20B.  Correcting  Latitudef  and  Departnree,  or  Balasoing  the 
Survey.  (1)  A  survey  is  balanced  when  the  oorthings  equal 
the  southings,  and  the  eastings  equal  the  westings.  When  these 
eqnalities  do  not  exist,  tbe  error  is  distributed  among  the  lines, 
proportioned  to  their  lengths.  This  operation  is  called  correct- 
ing  ^the  laiitnde»  and  departures.  It  is  best  illustrated  by  an 
example : 


1 
1 

BuWKai. 

i 

a 

I.lTITUI>ia. 

DIPIBT- 

DoBinc- 

TIOHB. 

s;s5;.' 

K. 

S. 

s. 

w. 

3 

s 

JV. 

S. 

B. 

w. 

8.  2)0  63' K. 

18.11 

W.2B 

iJfl 

> 

ia.X! 

4.M 

H.W^IO'E. 

13.«2 

8.D8 

10.1S 

a 

g.os 

10.18 

N.«=*)'W. 

4.TS 

B.42 

3JM 

1 

8.41 

s.» 

N,  «=  M'  W. 

*.n 

OM 

s.sa 

1 

3^ 

tai 

a.  SI' 90' w. 

a.K 

UT 

l.«8 

1.8T 

l.M 

e.Ta°aD'w. 

»M 

IM 

ftSS 

■ 

l.« 

S.U 

U.M 

1S.86 

H.T8 

14.8a 

11.M 

' 

' 

18.81 

i»,ei 

UM 

14.81 

EmrlEtaOK 

id«,  Tllnki.                      t  JInki.  Error  la  depcrtnre.                   1 

„  Google 


162  PLANE  SUBTEXING. 

Id  tbe  table  the  latitudes  and  departares  correaponding  to  the 
several  beaiiDgs  and  distances  are  obtained  by  means  of  a  table 
of  sines  and  cosines,  and  placed  in  their  proper  colamns. 

The  first  coarse  being  bettreen  the  sonth  and  east,  the  lati- 
tude found  is  written  in  the  column  headed  S.,  tiie  departure 
in  column  E.,  and  so  on,  the  letters  of  the  coarse  indicating  tbe 
columns  in  which  to  place  the  latitudes  and  departures.  The 
difference  of  the  sums  in  the  latitude  columns  is  then  taken,  and 
found  to  be  7  links :  this  is  the  error  in  latitude. 

The  error  in  departure,  found  in  a  corresponding  manner,  is 
4  links. 

The  total  distance  round  the  field  is  shown  by  the  footing  of 
the  distance  column  to  be  45.30  cliains.  The  distribution  of  the 
error  is  effected  then  by  the  proportions : 

Jbr  the  Latitude. 

L-orrecUon  for  that  side. 


Sum  of  the  tides 

length  of  anj  side  =  error 

45.30 

13.11           =    7 

45.30 

13.62          =     7 

For  the  Departure 

45.30 

18.11          =    4 

It  is  unnecessary  usually  to  make  but  one  proportion  each  for 
the  latitude  and  departure  correction,  since  the  error  for  any 
other  side  may  be  found  mentally  by  comparing  its  length  with 
that  of  the  side  used  in  the  proportion.  Whole  links  only  are 
used.  The  latitude  correction  for  the  second  side  is  a  tittle 
greater  than  2,  but  it  is  nearer  2  than  8,  and  is  therefore 
called  2. 

The  corrections  thus  found  are  written  in  their  proper  col- 
umns, headed  "Correction,  Lat.  Dep.,"  opposite  t^e  sides  to 
which  they  refer,  and  are  so  applied  by  addition  or  subtraction 
as  may  be  required  to  reduce  the  errors  to  zero.  The  quanti- 
ties thus  obtained  are  placed  in  the  columns  of  corrected  lati- 
tadee  and  departures  to  the  right  of  the  corrections. 
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Since  the  southings  are  too  small,  the  correction  2  is  added 
to  12.25,  making  12.27,  for  the  firet  entry  in  the  column  of  cor- 
rected latitudes.  The  eastings  being  too  small,  the  correction 
1  is  added  to  4.67,  making  4.68,  to  be  written  under  E.  in  the 
corrected  departures ;  and  so  on  for  the  rest. 

If  the  corrections  have  been  properly  applied,  the  northings 
will  eqnal  the  southings,  and  tbe  eastings  the  westings,  and  the 
survey  is  balanced. 

Iq  the  example  Just  given,  the  difference  of  latitude  is  7  and 
the  departure  4  links ;  hence,  the  length  of  a  line  to  dose  the 
Burvej  =  -y/T  +  4*  =  about  8  links ;  and  as  the  perimeter  of  the 
tract  =  45.S0  chains,  the  "error  of  the  survey,"  or  "error  of 
closure,"  =  1  link  for  5.66  chains,  or  1 :  566. 

Some  surveyors  prefer  a  more  compact  table  than  that  given 
above,  and  instead  of  a  double  set  of  latitudes  and  departures, 
use  but  one,  and  write  in  ink  of  different  colors  tbe  corrected 
latitndeH  and  departures  over  tbe  first.  Others,  again,  prefer 
two  columns  instead  of  four  for  the  latitudes  and  departures, 
using  tbe  plus  (  +  )  sign  to  indicate  north  latitudes  and  ea«t 
departures,  and  the  minus  (  — )  sign  to  indicate  south  latitudes 
and  west  departures. 

The  form  given  above  is,  however,  preferable  to  either,  since 
a  mistake  in  the  application  of  the  corrections  is  in  that  more 
easily  detected,  the  footings  are  more  expeditiously  and  accu- 
rately obtained,  and  the  subsequent  part  of  tbe  work  referring 
to  the  area  is  tliereby  facilitated. 

If  a  side  of  the  survey  passes  over  very  rough  ground,  or 
through  a  dense  wood,  or  for  any  reason  it  is  rendered  more 
diHlcult  to  measure  than  any  of  the  others,  tbe  surveyor  should 
exercise  bis  judgment  in  deciding  hovr  much  more  of  the  error 
than  the  rale  would  indicate  should  be  applied  to  that  side. 

Regard  must  also  be  had  to  the  probability  of  error  in  tbe 
bearings ;  hence,  when  a  side  of  considerable  length  is  aligned 
through  a  thicket,  or  over  very  uneven  ground,  and  where  often- 
times the  observations  are  made  to  top  of  rod,  if  it  is  found 
that  a  alight  change  in  ttie  bearing  will  diminish  mateiially  the 
error,  the  change  should  be  made. 
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The  diurnal  Tariation  of  the  needle  is  not  anfVeqaeatly  a 
source  of  error  in  compass  surveys.  A  range  of  10  minutes  is 
quite  common,  and  even  15  minutes  is  occasionally  noted.  This 
error  may  be  avoided  by  measuring  the  angles  of  the  tract,  or 
testing  the  compass  every  two  or  three  hours  by  setting  up  and 
sighting  on  some  line  as  standard. 

Some  authors  and  surveyoi-s  afflrm  that  when  the  bearing  of 
a  line  is  due  east  or  due  west,  the  error  in  latitude  is  nothing, 
and  therefore  such  a  line  needs  no  correction.  Likewise  a  due 
north  and  south  line  has  no  error  in  departure.  The  writer  does 
not  concur  in  this  view ;  for  the  errors  in  compass  work  are  not 
confined  to  the  chaining,  and  in  transit  suiTeyiug  there  is  fre- 
quently considerable  error  in  the  angles.  In  the  application  of 
the  rule  these  facts  are  assumed ;  indeed,  as  soon  as  a  correc- 
tion, made  in  the  usual  manner,  is  applied  to  any  side,  a  change 
of  bearing  results,  for  the  corrected  latitudes  and  departures  no 
longer  belong  to  the  original  bearing,  but  to  some  other.  More- 
over, there  is  no  more  reason  for  supposing  a  line  runs  due 
north  because  it  is  so  read  than  that  a  line  runs  N.  {'  E.  or 
N.  89|°  E.  being  ao  read ;  yet  no  surveyor  would  hesitate  to 
apply  the  rule  to  either  of  these,  thus  assuming  that  an  error  in 
bearing  as  well  as  in  chaining  was  committed ;  and  this  i»  the 
correct  assumption  on  which,  without  excepting  any  side,  the 
distribution  of  the  error,  except  as  follows,  should  be  made. 

(2)  If,  however,  a  survey  is  made  with  a  transit  in  good  ad- 
justment, the  angles,  either  interior  or  deflection,  being  carefully 
observed,  and  the  test  hereinbefore  mentioned  when  applied  giv- 
ing the  inference  that  the  angles  were  accurately  measured,  and 
the  error  of  closure  therefore  due  to  erroneous  chaining,  then 
the  correction  which  should  be  applied  is  obtained  as  follows  : 

Add  up  the  columna  of  latitudes,  and  also  those  of  departttreg, 
and  say,  as  the  arithmetical  sum  of  all  tke-{  ^^^^.g.  }ia  to 

correc((0«  to  be  applied  to  that  ^  ^gp((^(„„  J-  ■ 
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(S)  If  greater  accuracy  is  required  than  can  be  attained  by 
the  preceding  methode,  each  side  should  be  weighted ;  that  is  to 
aay,  the  surveyor  determiDes  Uie  relative  difflcullies  la  measnre- 
ment  and  aligameat  of  the  boundaries,  considering  some  one 
side  the  standard.  Calling  the  error  probably  made  in  the  side 
chosen  as  standard  one  (1),  another  side,  which  in  the  judg- 
ment of  the  surveyor  was,  per  unit,  twice  as  difficult  to  measure, 
would  be  multiplied  by  2,  or,  as  it  ia  termed,  have  a  weight  of 
2;  another  multiplied  by  3,  or  IJ,  etc.  Then,  instead  of  tak- 
ing the  perimeter  for  the  divisor,  as  was  done  in  the  first  case 
above,  tjie  aum  of  the  sides  thus  multiplied  or  weighted  is  used, 
and  the  proportion  is  as  follows  : 

Aa  the  Bum  of  the  mvlHj^ied  distances  ia  to  any  particular 
muUiplied  distance,  so  is  the  error  inJ,    .     "  ^  (o  (Ae  correction 

*    1.  )-^,    ,7.  ,   ,  latitude      .       departure 

to  be  applied  to  thai  ■{  ^gp^^rture  <" 

The  following  illustrates  the  method  of  balancing  a  survey 
when  the  sides  are  weighted: 
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•  Weight*  could  be  applied  to  the  correction  of  the  cbaining  ia  the 
tecond  cue,  bj  multiplTing  the  latitude!  and  departufe*  liutead  of  the 
lenpIiB  ot  the  sidet. 
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Correct  tiie  latitudes  and  departores  in  the  following  examples 
1^  tbe  first  method : 

1.  2. 

(1)8.      i°E.     22.4Schaiii8;  (1)  South 22.45  chains; 

(2>N.  89J'E.     67.10      "  (2)  East    67.10      " 

(3)  N.      1°  W.    23.85      "  (3)  North  23.85      " 

(4)  8.  89}=  W.    66.30      "  (4)  West  6t!.30      " 
(6)  S.  211'  W.     1.30     "  (5)  S.  22''  W.  1.30  " 


A  few  snireys  should  now  be  made,  and  the  methoda  abOTe 
given  employed  in  balancing. 


SECTION  vn. 

SXTPPLTma  OMISSIONS. 

209.  When,  for  any  cause,  it  ia  impracticable  to  obtain  the 
direction  or  the  length,  or  both,  of  a  side  of  a  tract  of  land, 
these  may  be  obtained  by  calculation.  Even  tbe  lengths  or 
bearings  of  too  sides  may  in  general  be  supplied.* 

The  determination,  however,  of  these  sides  or  bearings  is 
based  upon  the  measurements  of  the  other  bounding  lines  and 
angles ;  but  as  these  are  not  usually  precisely  correct,  and  as 
there  are  no  means  of  testing  them  in  their  application  to  the 
solution  of  problems  under  this  head,  it  is  earnestly  recom- 
mended that  all  measurements,  if  possible,  be  msde. 

There  are  four  cases. 

*  It  the  two  omitted  (idea  are  parallel  and  equal,  their  bearings  cannot 
he  supplied;  or  if  they  are  parallel  >>nd  ol  eqnal  or  unequal  lengthi,  their 
diatancea  cannot  be  computed. 
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Case  I. 


210.  Given  the  hearings  and  diHancea  of  aO  the  aides  of  a 
irad  of  Umd  except  the  bearing  and  dietance  of  one  side,  to  deter* 
mt7ie  these. 

Find  the  latitudes  and  departures  of  the  given  sides.  The 
difference  of  the  northings  and  southings  will  show  the  latitude 
of  Hie  line  omitted,  and  the  difference  of  the  eastinga  and  west- 
ings its  departure.     Then 


Length  of  line  =  V  lat.'  +  dep.' 
Tan  angle  of  bearing  of  line  = 


dep. 


The  cardinal  points  between  which  the  line  runs  are  indicated 
bj  the  deficiency  in  the  latitude  and  departure  colutnna. 


1.   Given  (1)  N.  24^°  £.   23.75  chains; 

(2)  S.  aii"  E.    11.70  -  " 

(S>  S.       1°  E.    12.64      " 

(4)  S.  11^°  W.  14.50      " 
To  find  the  length  and  bearing  of  a  line  connecting  the  ex- 
tremity of  the  fourth  side  with  the  first  comer. 


8ta. 
rioKS. 

BiABiifaa, 

DUTJ. 

N.           a. 

S. 

W. 

1 
2 
3 

4 

N.  24i"  E. 
S.  Bli" E. 
8.  1"     E. 

8.  nj-w. 

23.75 
11.70 
12.64 
14.60 

21.61 

... 

1.78 
12.64 
14.21 

e.85 

11.66 

.22 

2.B9 

21,61 

28.63 
21,61 

21,63 
2.80 

2.88 

7.02  N.   18.74  W.               1 

Length  of  line  =  V  (7.02)' -|- (18.74)'  =  20.01  chains. 
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Tan  bearing      =^- 

Bearing  =  N.  69'  28'  W. 

3.  Given  the  bearingB  and  distancea  of  the  aides  of  a  tract  of 
land  aa  follows ;  it  is  required  to  find  the  length  and  bearing  of 
the  foorth  side.* 

(1)  N.  IIJ'E.    12.69  clMuns; 

(2)  S.  87f  W.     8.50      " 

(3)  N.  85|'W.   11.70      " 
(5)  S.  82^°  E.    10.53      " 

The  foregoing  caee  may  he  employed  to  overcome  an  obstacle 
in  a  line,  as  LN-  Thus,  surveying  LOPN, 
there  will  be  given  all  the  sides  except  LN, 
which  can  be  determined  as  above.  If  it 
is  desired  to  straighten  an  ohl  road,  the 
length  and  direction  of  the  new  road  may 
be  computed  from  the  distances  and  deBeo* 
tions,  or  bearings  of  the  old. 

For  example,  let  ABODE  be  a  crooked 
road  which  it  is  desired  to  replace  by  a  straight  one,  AE.    The 
2         bearings  and  distances  being  as  follows,  the  length 

Kand  bearing  of  AE  are  required. 
AB,  N.  12.70  chains; 

T  BC,  N.  20°  E.     13.25      » 

CD,  N.  35=  E.    12.75      " 
DE,  N.  10°  W.  16.90      " 

Ana.   N.  9''41'E.  52.98  chains. 

Example  2.  Given  the  following  as  the  bearings 
and  distances  of  a  road,  it  is  desired  to  etraigbten,  to 
find  the  length  and  bearing  of  the  new  road. 


*  In  practice,  theretnlt  should  b«  checked  by  Diakiog  a  plot  of  the  field. 
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(1)  N.  12"    W.  13.10  chains; 

(2)  N.    8°     E.  16.20      " 
(8)  N.    2i''W.   14.40      " 

(4)  N.  40^°  E.  15.08      " 

(5)  N.  eOJ"  W.  16.12      " 

Example  3.  In  laat  figure  but  one,  Buppose  LO  bears  N. 
44°  20'  W.,  diBtance  3.95  chaine.  Deflection  at  0  from  OL 
30°,  aud  07'=  6.90  chaina.  Deflection  at  P  from  OL  100°,  and 
PN=  5.40  chaiDS.  It  ie  required  to  find  tbe  length  and  hear- 
ing of  ^Z.  Am.   Bearing  Booth.     Length,  12.55  chains. 

CAiE   II. 

211.  CHven  the  bearings  and  distances  of  aU  the  sides  of  a 
tract  of  land,  except  the  distances  of  two  sides  not  parallel,  to 
determine  these. 

By  Article  168,  change  all  the  bearings  so  that  one  of  the 
sides,  whose  direction  only  is  known,  shall  become  a  meridian. 
Tabulate  the  latitudes  and  departures  corresponding  to  the 
chained  position  of  the  aides.  The  side  made  meridian  will 
have  no  departure,  and  tbe  difference  of  the  eastings  and  west- 
ings, therefore,  will  be  the  departure  of  the  other  anknown  aide. 
Now  with  this  departure  and  the  changed  bearing  tbe  distance 
and  difference  of  latitude  of  this  side  may  be  found,  and  should 
be  inserted  in  their  proper  places  in  tbe  table.  Then  tbe  differ- 
ence between  the  northings  and  southings  will  be  the  latitude, 
or  length  of  the  aide  made  a  meridian.* 

212.  Otkerwiae.     If  the  de^ient  sides  adjoin. 

If  a  linef  be  drawn  connecting  L  and  N,  a  figure,  LNOPQ, 
will  be  shown,  in  which  all  the  sides  are  given  except  LN: 
the  bearing  and  distance  of  this  side  may,  therefore,  be  calcu- 
lated by  ttie  preceding  case.     This  line  and  the  two  Bidea,  LM 

*It  is  iminatenftl  whether  or  not  the  deficient  aides  adjoin, 
t  Called  a  e/ojinj  litit  lince  it  closea  the  luiTe;  LqPOS. 
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and  MN,  whose  beariDgs  only  are  giren,  will  form  a  triangle, 
in  which  will  be  known  one  aide  and  all  the  angles,  whence 
the  nnknowo  diBtances,  LM&od  MN,  may  be  computed. 


213.   Jfiheaidea  do  not  adjoin. 

In  the  figure  Buppoee  that  the  distances  LM  and  PO  are 
wanting.  Draw  Ln  and  no  parallel  and  equal  respectively 
to  MN  and  SO.  Then  by  Joining  oP,  a  closed  figure  will  be 
formed,  all  the  bearings  and  distances  of  which  are  known 
except  the  bearing  and  distance  of  the  closing  line,  Po,  and 
these  may  be  fonnd  by  Case  I.  Po  thus  detennined,  there  will 
be  known  in  the  triangle  PoO  all  the  angles  and  one  aide,  to 
find  PO,  and  Oo,  which  is  equal  to  LM. 


1.  Given  the  following  bearings  and  distances  of  the  sides  of 
a  tract  of  land,  to  find  the  length  of  the  3d  and  6th  sides. 
(See  last  figure.) 

(1)  N.    ^''•W.    9.38  chains; 

(2)  N.  esj"  E.    8.25      " 
(8)  S.  39°     E.    Unknown; 

(4)  S.     2'    W.    4.45  chains; 

(5)  S.  46°    W.    5.00      " 

(6)  N.  88'    W.    Unknown. 
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riOHB. 

BBAUHua. 

Dun. 

». 

8. 

B. 

w. 

1 
2 
S 
i 
6 

N.  ei°  w. 

N.  66J'>  E. 
8.89°    E. 
8.    2°    W. 
S.  48"    W. 

9.38 

8.26 

4.46 
6XK) 

g.32 

3.42 

4.45 
3.47 

7.61 

i.oa 
o.ia 

3.d0 

12.74 
7.92 

7.92 

7.51 

4.82 

4.B2 

4*2                          2.60                    1 

Length  of  Po  =  V(4 

82)'+'(2.69)'  =  5.52 

ADgle  P  therefore  = 

68'  10'. 

Angle  0 

= 

49'. 

Angle  o 

'         = 

62'  50'. 

sin.  49° 

Ar.  c 

o.  =0.122220 

:  sin.  62"  50' 

=  9.949235 

::          5.S2 

=  0.741939 

:  7*0  (Sd  side)  =6.51 

=  0.813394 

ain.  49' 

At.  c 

0.  =0.122220 

:8in.  68M0' 

=  9.967674 

::         5.52 

=  0.741939 

Oo=.iJtf  (6th  side)  =6.79     =  0.831833 


Example  2.   Given  the  following  data  to  aupplytbe  omissions. 

(1)  N.    8i°  E.    9.80  chains; 

(2)  N.  81i'  E.    Unknown ; 

(3)  8.  70'     E. 

(4)  S.     5J'W.    17.70  chains ; 

(5)  N.  87'    W.    18.75(AaiDs,tothebeginnii^. 
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Example  3.  Id  the  last  example  insert  the  dist&ncea  fonod, 
and  Boppose  the  first  and  fourth  sides  are  wanting ;  determine 
tjiese  by  either  or  both  methodB. 

Case  m. 
23.4.  Given  the  bearings  and  distawxs  of  ail  the  aides  of  a 
tract  of  land,  except  the  bearings  of  two  aides,  to  determine  these. 
Tabulate  the  latitudes  and  departures  of  the  sides  completely 
given ;  obtain  the  difference  of  the  northings  and  southings,  and 
of  the  eastings  and  westings.  These  differences  will  be  the 
latitude  and  departure  of  a  donng  line. 

The  bearing  and  distance  of  the  closing  line  may  hence  be 
computed ;  then  in  the  triangle  formed  by  this  line  and  the  two 
sides  whose  distances  are  given,  determine  the  angles;  and 
thence,  with  a  proper  application  of  them  to  the  bearing  of  the 
closing  line,  the  wanting  bearings  may  be  found. 
In  the  figure  let  PQONML  represent  a  tract  of  land  in  which 
all  the  bearings  and  distances  are 
known  except  the  bearings  of  QO 
and  NM. 

Drawing  n^  parallel  and  equal  to 
QO,  and  Joining  Qn  and  n^,  a 
,Aj^  closed  figure,  PQnMLP,  will  be 
formed,  in  which  the  bearing  and 
distance  of  nJ^,  the  closing  line, 
may  be  calculated  by  Case  I.  Then 
in  the  triangle  MnN,  having  all  the 
sides,  the  angles  are  readily  found,  and  by  proper  applica- 
tion of  these  with  the  bearing  of  Mn  the  bearings  of  Ifif,  and 
nJV=  QO  may  be  obtained. 

NoTB.  —  If  the  8ide>  whoee  bearingi  »re  required  adjoin,  th«  rcMonlng 
ii  evident.  If  they  do  not  adjoin,  a  tranipngition  of  Bome  of  the  sidei  msj 
be  Tuade,  ai  In  the  preceding  case,  without  changing  the  direction  or  length 
of  any  of  them,  making  the  unknown  Bidet  adjoin,  and  with  the  cloiing 
line  form  the  triangle  referred  to  in  the  la«t  paragraph.  The  rule  la, 
therefore,  applicnble  to  either. 
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EXAMPLES. 
1.   Given  the  following  data  of  a  anrvey,  to  supply  the  omis- 
sions.    Referring  to  the  last  figure : 

the  bearing  of  PQ,  N.    3°  E.  dist.  4.S7  chains. 

"  QO,  "     6.25 

"  "    02ir,  S.  23^"  E.       "     6.M 

■    *'  "  NAT,  "     4.33 

"  "  ML,  N.  87°  W.       "     2.97 

"  "  LP,  N.  48°  W.       "     3.33 


tlWBl. 

DIMI. 

«. 

8. 

B. 

W. 

P 
Q 
0 
N 
if 
L 

PQ 
QO 
ON 

Nif 

ML 
LP 

B.8»     B. 

N.ST"   W. 
N.48»   W. 

4^7 
6^ 
Ii.GO 
4.33 
2.97 
3.33 

4.66 

OM 
2.48 

6.06 

0.24 
2.16 

2.97 
S.28 

7.14 
6.06 

6.06 

2.43 

6.26 
2.43 

Tan  of  bearing  of  nJtf=  ^-r— ,  and  bearing  =  S.  53° 

Diet.  njK"=  V(2.09)'  +  (2.82)»  =  3.51. 
To  find  the  angle  of  nMN: 

log  4.38     Ar.  co.  =:=       9.363&12 
log  3.51  *'      =        9.454693 

log  7.045  =        0.847881 

1(^    .795  =        1.900367 

2)19.566453 
Ic^  cosine  \  nMN=s 

and  I  <  =   52°  37' 

2^ 

>w3/:Zf=10.'i°  14' 


)v  Google 


174  PLANE  smtvETmo. 

Now,  BiDce  Jtfn  bears  X.  58°  28'  W.,  and  the  angle  nMIT 
=  106°  14',  the  line  MN  is  in  the  northeast  quadrant,  and 
makes  an  angle  with  the  meridian  =  105°  14'  —  53°  28'  =  51°  W, 
or  its  bearing  is  N.  51°  46'  E. ;  and  hence,  reading  in  the  order 
the  measuremente  were  made,  the  bearing  of  ^Jf=S.  51°46'W. 

To  find  the  angle  niOf,  and  thence  the  bearing  of  QOt 
6.25  Ar.  CO.  =  9.204120 

:8.51  =0.545307 

::BiD  105°  14'  =9.964466 


:  sin  82°  48'  (  <  nNM)  =  9.733893 
Bearing  of  NM  =  S.  51°  46'  W. 

<  nNM  32°  48'  on  west  side,  add       32°  48' 
Bearing  of  Jfti  =  OQ  =  S.  84°  84'  W., 

or  bearing  of  QO  =  N.  84°  34'  B. 

2.   Supply  the  omiBsiona  fVom  the  following  data : 
(1)N.  34°    W.     13.00  chains; 
(2)  S.  41i°W.     12.90 
(8)  S.  50°     E.      8.20 

(4)  2.66 

(5)  6.90 

(6)  N.  26°     E.       9.95 

Cabe  IV. 

215.  Given,  tfie  beari'ngs  and  distances  of  aS  the  aides  of  a 
tract  of  land  except  ttoo,  one  of  which  has  only  its  beariTig  given^ 
and  the  other  the  distance,  to  supply  the  omiesiOTU. 

Make  a  meridian  the  aide  whose  bearing  onlj  ia  given.  Tab- 
nlaCe  the  latitudes  and  departures  corresponding  to  the  changed 
position  of  the  surrey.  The  side  made  meridian  will  have  no 
departure,  and  the  difference  of  the  eastings  and  westings, 
therefore,  will  be  the  departure  of  the  side  whose  bearing  i» 
unknown.     With  the  given  distance  and  this  departure  th& 
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changed  beating  and  difference  of  latitude  of  this  aide  may  be 
found,  and  ahonld  be  ioBerted  in  their  proper  places  in  the 
table.  Then  the  difference  of  the  northings  and  sontbinga  will 
be  the  latitude,  or  length,  of  the  side  made  a  meridian. 

216.  CHherwise.     When  the  d^fideiU  lidea  a^oin. 

Let  the  bearing  of  My  and  the  distance  LAf  be  wantit^. 
Calculate  by  Case  I.  the  direction 
and  length  of  the  closing  line  LN- 
A  triangle,  LM2f,  may  then  be  formed 
in  which  will  be  given  the  lengths  of  Q< 
Ly  and  My,  and  the  angle  yLM. 
The  distance  LM  and  the  angle  N 
may  therefore  be  computed,  and  the 
angle  N  thus  found  properly  applied 
to  the  bearing  of  the  closing  line  will 
give  tbe  bearing  of  MN. 

217.  When  the  dejldent  sides  do  not  adjoin. 

Referring  to  the  same  figure  as  before,  suppose  the  beariug 
of  LM  and  the  distance  OP  wanting.  Transpose  the  sides 
as  there  shown,  and  calculate,  as  in  Case  I.,  the  direction  and 
length  of  the  closing  line  Po.  Then,  as  in  the  preceding  article, 
there  will  be  given  a  triangle,  OPo,  in  which  are  known  two 
sides  Po  and  Oo,  and  the  angle  /*,  whence  the  bearing  of  Oo, 
or  LM,  and  the  distance  PO,  may  be  determined. 


Given  the  following  notes,  to  supply  the  omissions. 

QP.  N.  10"     E.  13.71  chains; 

PO.  S.  881'  E.  18.75      " 

ON.  S.   16^'  E.  16.50      " 

NM.  S.           W.  13.00      " 

ML.  N.  80"    W. ; 

LQ.  N.  86=    W.  10.00  chains. 
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Bta- 

Lntia. 

B...... 

DlFTH. 

K. 

B. 

E. 

W. 

Q 

p 

0 
N 
M 
L 

PO 

ON 
NM 
ML 

m 

N. 10°    E. 
S.  88}°  E. 
S.  16i=  B. 

N.ec  w. 
N.3a=  w. 

13.71 
18.75 
lfl.50 
13.00 

10.00 

18.50 
B.00 

0.4B 
16.B2 

2.3S 
18.74 
4.0S 

6.8S 

1 

21.60 
10.31 

16.81 

25.80 
5.8S 

bm 

Deflciency,  6588.          De(.,  19,82  W.             1 

Tan  of  bearing  of  closing  line  = 
or  be&ring  of  NL,  S  75' 


W. 


Length  of  NL  =  V(5.28)'+  (19.92)'  -  20.61, 
and  angle  MLN  =  24°  51'. 
To  find  angle  LMN: 

13.00    {NM)     At.  co.  =  8.886057 
:  Bin.  W  51'  {<L)  =  9.623502 

::  20.61     {LN)  =1.314078 

:  Bin.  41°  47' 


Angle  Z,3/7f  = 
Angle  iitfifs 


=  9.823637 

-  41°  47'=  188°  13'  (aee  note). 

-  (138°  13'+24°51')  =  16°56'. 


NoTB.  —  When  the  iide  MN,  wbote  length  only  it  given,  ii  longer  thkn 
the  clociog  line  LN,  tlie  angle  M  must  b«  acute ;  U  ihorKr,  the  angiv  M 
may  be  acute  or  obtUBe,  depending  upon  the  length  of  the  side  LM,  the 
bearing  of  which  only  it  known.  Hence,  when  tbi(  lait  relation  obtains,  it 
ii  neceuary,  in  the  application  of  this  ca«e,  to  Teniove  ambiguity,  that  enough 
be  known  concerning  the  length  of  the  side,  whose  bearing  only  is  given, 
to  indicate  whetlier  the  angle  .If  is  greater  or  le«a  than  a  tight  angle. 

In  the  example,  LM  'a  known  to  be  shorter  than  NM,  and  hence  angle 
M  ii  obtuse.  The  ambiguity  it  not  removed  by  employing  the  method 
given  in  Article  216. 
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The  bearing  of  NM,  S.  75° 

09' W- 

16° 

56'=  8.  5f 

To  find  the  length  of  LM: 

sin.  24°  51' 

Ar.  00 

.  = 

0.876498 

:  din.  16°  56' 

= 

9.464279 

: :          13.00 

= 

1.113943 

:  9.01  {LM)  =  0.954720 

The  Btadent  may  verify  b;  the  method  in  Article  S15. 

SxAHPLE.  As  an  exercise,  from  any  of  the  preceding 
problems  strike  out  from  two  sides  that  do  not  adjoin  the  hear- 
ing of  one  and  the  distance  of  another,  and  compute  them. 


SECTION  vin. 

FLOTTINa   A   OOUPASB   OB   TBANSIT    SUBVET. 

218.  In  addition  to  the  drawing-instruments  explained  in 
chain  surveying,  the  draughtsman  will  now  find  very  convenient 
on  instrument  for  measuring  angles,  or, 

A  Frotraotor.  It  is  made  of  metal*  or  paper,  usually  in  the 
form  of  a  semi-circle,  the  arc  of  wliich  is  divided  ioto  160  equal 
parts,  or  degrees,  subdivided  and  numbered  both  ways. 

To  draw  a  line  making  a  given  angle  with  another  at  a  certaia 
point.  Bring  the  diameter  of  the  protractor  to  coincide  with 
the  given  line,  its  centre  with  the  point,  and  the  arch  lying  in 
the  direction  of  the  desired  line  ;  then  with  a  sharp  pencil  or  floe 
needle  prick  off  the  required  unmber  of  degrees ;  Joining  the 
point  thus  fixed  and  the  given  poiut  completes  the  problem. 

Some  plain  scales  are  graduated  to  degrees  on  liiree  edges  so 

*For  more  accurate  work  there  i*  attached  a  movable  urn  or  ruler, 
extending  beyond  the  circnmfereace  and  cairjing  a  Temier. 

12'inch  protractors, —  complete  circle, —  made  of  heavy  paper,  on  which 
are  printed  the  diviiiont  to  quarter-degreet,  are  quite  reliable. 


)v  Google 


PLANE  SCBVETINQ. 


as  to  be  used  tike  a  protractor,  but  are  objectionable  on  accoaot 
of  the  obliquity  of  the  divieions  and  their  varying  lengths. 


219.  ninstratloE.  To  plot  a  survey  the  record  of  vhich  ia 
as  follows : 

(1)  N.  llf  E.     13.19  chains; 

(2)  S.  87°    W.      8.50      " 

(3)  S.  aOi'W.     11.75      " 

(4)  S.  82°     E.     10.08      " 

With  a  Protractor.  First  Method.  Represent  the  meridian 
bj  drawing  on  the  paper  a  line  so  situated  that  there  will  be 
sufBcient  room  on  either  or  both  sideB  of  it,  as  the  case  may  be, 
to  complete  the  drawing.  Fix  upon  a  point  in  this  line  to 
indicate  a  corner  of  the  tract,  usually  "  the  place  of  beginning." 
In  this  particular  example  the  first  corner  is  the  easterly  boun- 
dary, and  as  it  runs  noilherly,  we  will  draw  our  meridian  near 
the  lower  right-hand  aide  of  the  paper,  as  at  A.  Prick  ofF  the 
angle  11}°  from  the  north  end  of  the  protractor-arch  to  the 
right,  and  draw  the  line  13.19  chains  (AB)  to  any  convenient 
scale,  say  2  chains  to  an  inch,  or  6.6  inches.  Pass  another 
-meridian  2fS'  through  B;  and  since  the  bearing  b  south- 
■westerly,  we  prick  off  tJie  degrees,  87  from  the  sont^  point,  and 
draw  the  line  S.fiO  (BC)  to  the  same  scale.     In  a  similar  man- 
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ner  draw  tlie  line  CD,  and  flDally  DA,  which  ahoald  end  at  A, 
\t  it  does  not  end  precisely  at  A,  an  error  in  plotting,  or 
inaccuracy  in  the  aurrey,  would  thereby  be  indicated. 

An  error  in  plotting  a  line  by  this  method  would  aSect  the 
jMsifion,  bnt  not  the  direction  of  the  following  lines. 


220.  Another  Method.  By  laying  otf  the  aoglea  from  one 
point,  or  fh>m  one  position  of  a  protractor  liaviug  a  complete 
circle.  With  the  protractor  at  any  convenient  point,  P,  in  the 
meridian  NS,  prick  off  the  degrees  shown  by  the  bearings, 
and  indicate  each,  and  the  aide  to  which  it  belongs,  as  per 
figure.  Then,  by  instruments  nsed  for  drawing  parallel  lines, 
transfer  them  to  their  proper  places,  and  make  the  lengths  cor- 
respond to  the  scale  adopted.  The  point  P,  from  which  all  the 
angles  were  set  off,  may  or  may  not  be  one  of  the  comers  of 
the  field.  The  figure  shows  that  it  saves  one  transfer  if  so 
taken. 
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EXAMPLES. 

1.  Plot  s  triangle,  given  two  sides  and  the  inclnded 
angle. 

2.  Given  two  angles  and  the  included  side,  to  plot  the 
triangle. 

3.  Given  three  sides  and  two  iocluded  angles,  to  plot  a 
trapezium. 

QuERi.  Can  a  trapeziom  be  plotted  when  there  are  given  all 
the  sides  and  one  angle? 

233-  By  Lfltitodes  and  Departoiet.  The  survey  being  bal- 
anced, this  is  the  most  accurate  method,  and  is  equally  appli- 
cable to  a  compass  or  trausit  survey. 

Taking  the  record  of  the  survey  in  Article  208,  and,  osing 
the  corrected  latitudes  and  departures,  let  as  make  a  plot 
of  it. 
^  Draw  tbroagh  the  first  attt- 

tion*  (Jf )  a  meridian,  and  And, 
by  algebraic  additions,  from  the 
columns  of  corrected  latitudes 
and  departures,  the  distance 
each  corner  is  north  or  south 
fVom  this  station,  called  total 
latitude,  and  east  or  west  fVom 
the  meridian  called  total  depar- 
ture. These  distances  may  be 
ascertained  mentally  as  we  pro- 
ceed with  the  drawing,  but  to 
avoid  error  it  is  beet  to  tabulate 
them,  using  three  columns,  as 
follows :  +  indicates  distance 
north  or  east,  and  — ,  south  or 
west,  from  tbe  references. 

■  Any  itation  will  antirer,  but  the  ooe  through  which  the  meridian  U 
•nppowit  to  pan  In  calcuUting  tb«  aren  ii  preferable. 
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Total  I^tttddii 

PBO> 

BTATIOH  M. 

iCiKDua  sa. 

1 

0 

0 

2 

-12^7 

+  4.88 

3 

-   3^1 

■t-14.S4 

4 

+   0.20 

+  11.68 

6 

+   3.M 

+  858 

e 

+  1.07 

+  e,26 

1 

0 

0 

The  total  latitude  of  the  last  statioD  is  the  latitade  of  the  last 
line  with  its  siga  chaDged.  The  Bame  is  tme  regarding  the 
total  departore  of  last  station.  A  check  is  thus  had  on  the 
work. 

From  M  lay  off  on  the  meridian  negatively,  or  to  the  south, 
12.27  chains  according  to  the  scale  adopted,  to  A ;  from  A  set 
ofF  perpendicularly  to  the  east,  with  the  same  scale,  4.68  chains, 
to  0 ;  coDoect  M  and  0,  showing  the  first  line.  Set  off  from 
M,  again  to  the  south,  3.21  chains,  to  B;  thence  perpendicu- 
larly to  the  [igbt,  or  east,  14.6S  chains,  to  P. 

OP  represents  the  second  line  of  the  sniTey.  Next  lay  off 
20  links  to  the  north  from  M,  thence  11.58  chains  to  tiie  east, 
and  join  PQ  for  the  third  line,  and  SO  on,  the  last  line,  SM, 
requiring  a  distance  laid  off  on  the  meridian  north  =  1.97 ;  and 
a  perpendicular  thereto, =  6.25  east,  when  drawn  closes  the  snr- 
Tcy,  thus  proTiDg  the  correctness  of  the  work. 

A  variation  of  the  method  Just  given  is  to  draw  two  lioea,  one 
representing  the  meridian,  the  other  an  east  and  west  line.  On 
the  first  lay  off,  as  before,  the  latitudes  of  the  aides,  and  on 
the  second  the  corresponding  departures;  then,  by  means  of 
dividers,  obtain  the  intersection  of  co-ordinates,  and  Joining 
these  points  shows  the  plot. 

For  plots  of  ordinary  farm  surveys  the  method  given  above, 
being  equally  accurate  and  more  expeditions,  is  recommended ; 
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for  plots  of  extraordinary  size,  extending  over  a  large  drawing- 
board  or  made  on  a  large  table,  the  variation  noted  shonld  be 
adopted. 

222.  JSang  Crois-Seation  Paper*  and  the  latitudes  and  de- 
parturee,  a  tolerably  accurate  plot  may  be  made  with  great 
facility.    The  vertical  and  borizootal  liuea  of  the  paper  may 


represent  respectively  meridians,  and  east  and  west  lines.  As- 
sume any  convenient  point  O  &a  the  beginning  of  the  survey, 
and  suppose  the  latitude  of  the  first  line  =  4.00  chains  N.,  the 
departure  =  6.00  chains  E.  Count  from  0  northward  four 
spaces,  thence  eastward  six  spaces,  to  P;  join  OP,  thus  deline- 
ating the  first  side.     Suppose  the  latitude  and  departura  of  the 

*  Kote-booki  may  be  procured  having  the  allernate  pages  ruled  in 
■niftll  iquareB.  like  croi*-iecdou  paper. 
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second  side  =  reepectivelv  3.50  chaiDS  N.  and  2.25  chains  E. ; 
conntoff,  ae  before  (estimating  the  fractions  of  chain),  three 
and  a  half  spaces  north  and  two  and  a  quarter  east ;  connect 
the  points  P  and  Q  for  the  second  aide,  and  so  oq  to  the  place 
of  beginning. 


SECTION  IX. 

On  Detebuininq  Abeas. 

a.  pabtioul&b  forms  and  oases. 

Teiangles.' 

223.  Fir^  Method.    M^easure  two  sides,  as  m  and  n.  and  t 
included  angle  0.     Then  the  ^ 

are.  =  ^  =  ""<y"°- 

224.  Second  Method.      Measure  two 
angles,  as  0  and  N,  and  the  included  side  m.    Then 

.     w.'  sin  ^Bin  0 


Parallelograms. 

225;  Measure  two  adjacent  sides,  m  and  n,  and  their  i 
eluded  angle,  P.     Then  h  denoting 
the  altitude, 

A=mk  =  mxnBijiP. 


'  For  other  methodi  than  those  found  in  this  kcUdd  of  Burreying  tri- 
uiglei,  quadrilaterali,  and  other  polygons,  lee  Chain  Surre; ing,  Arliclea 
68  to  70. 
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1.  TwoaidflB  of  a  triangle  measure  756  feet  and  1024  feet, 
sod  their  included  angle  42°  45' ;  detennine  the  area  ia  acres. 

2.  Two  angles  of  a  triangle  are  59°  29'  and  65°  18',  and  their 
included  side  932  feet.    How  many  acres  does  it  contain  ?   Plot. 

8.   Two  sides  of  a  triangle  measure  15.24  chains  and  13.18 
<ihaina,  and  the  ai^le  opposite  the  first  64°  25'.     Find  the  area. 

4.   Two  adjacent  eidea  of  a  paraUel<^ram  are  856  feet  and 
1252  feet,  and  their  included  angle  75°  48'.     Compute  the  area. 

Tbafezoids. 

236.  Measure  three  sides,  saj  PM,  MN,  and  NO,  and  one 
of  the  included  angles,  as  N.  From 
the  data  thus  obtained  compute  the  al- 
titude, OL  =  PK,  and  the  parallel  side, 
rO.    Then 

_MN+PO^. 


A^^^'f^^xPK. 
2 

Or,  instead  of  measuring  the  inclined  sides,  if  it  is  equally 
convenient  measure  the  parallel  sides,  and  one  of  the  other 
sides  and  an  angle  as  before  ;  then 


Tbapeziums. 

227.  Measure  all  the  sides  and  one  angle.  With  the  data 
calculate  the  length  of  a  diagonal  dividing  the  tract  into  two 
triangles,  in  one  of  which  two  sides  and  the  included  angle  will 
be  given,  and  in  the  other  three  aides,  whence  tiie  area  may  be 
found. 
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228.  Or,  measure  three  Bides,  PM,  MN,  ancl  ON,  and  the 
incladed  angles  N  and  PMN.  Draw  H^ 
MO,  calculate  the  area  of  Mba  triangle 
MNO,  the  diagODal  MO,  and  die  angle 
OMN.  Subtract  OMN  from  PMN; 
then,  having  two  sides  and  the  included 
angle  in  the  triangle  PMO,  its  area  may 
be  computed,  which  added  U)  the  area  of  MNO  gives  die  re- 
quired content. 

239.   Oiherwiae.  Measnre  two  opposite  sides,  as  OL  and  MN, 
and  three  angles,  as  0,  L,  and  M. 
Conceive  the  sides  ON  and  LM  to 
be  prolonged  to  meet  in  some  point,  /     ~' -—.,„ 

P.      From   the    data    calculate    the  "" 

areas    of   the   triangles    POL    and  l-^ 
PMN.     The  difference  will  give  the  area  sought.* 


1.  Given  in  a  trapezoid  (see  figure.  Article  226)  PJf=33 
rods,  MN=  68  rods,  NO  =  30  rods,  and  the  angle  N=  70° ;  to 
find  the  area,  and  make  a  plot. 

2.  Given  in  a  trapezium  PMNO  (see  fignre,  Aiticle  226) 
PM=7  chaina,  MN=  7.50  cbAirti,  NO  =&  chains,  the  angle 
^^=120",  and  M=  108° ;  to  find  the  area,  and  malte  a  plot. 

3.  Given  in  a  trapezium  LMNO  (see  last  figure)  X0  =  8 
chains,  MN='  5  chains,  and  the  angles  L,  M,  and  N  respective!; 
87°,  70°,  and  80° ;  to  find  the  area,  and  make  a  plot. 

4.  Given  in  a  trapezium  the  angle  Jf  a  right  angle,  the  sides 
MN,  NO,  OP,  and  PM  respectively  20,  12,  30,  and  15  rods; 
also  a  perpendicular  to  MN  from  N  extending  to  P0=10 
rods;  t<>  find  the  area. 

Query.  Could  the  area  be  found  without  NO? 
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Polygons. 

230.  To  find  the  area  of  an  irregular  pentagonal  field 
LMNOP,  when  all  the  comera  can  be  seen  from  one  comer, 

as  0.  Meaanre  the  aides  ON,  OP,  the  di^onals 
OL,  OM,  and  the  three  angles  at  0.  Then  two 
sides  and  the  included  angle  of  each  triangle 
thus  formed  will  be  given,  whence  their  areas 
may  be  calculated  and,  b;  addition,  the  area  of 
ttie  required  polygon  may  be  obtained.  In  like 
manner,  a  survey  of  any  small  irregular  polygonal 
lot,  in  which  all  the  comers  are  visible  from  one 
corner,  may  be  effected.  If  there  are  n  sides, 
measure  from  one  comer  two  sides  and  n  —  3  diagonals,  observ- 
ing from  the  ssme  point  the  n  —  2  angles  which  are  formed  by 
these  diagonals  and  the  two  sides.  Then,  as  above,  the  tract  will 
be  divided  into  n— 3  triangles,  theareaof  each  may  be  calculated, 
and  the  sum  of  these  areas  taken  for  the  area  of  the  polygon. 

231.  Or,  measure  from  some  point  within  or  without  the 
field  radial  lines  to  all  the  comers,  and  observe  at  the  same 
point  the  angle  which  these  lines  make  with  each  other. 

There  will  thus  be  given  two  sides  and  the  included  angle  of 
a  series  of  triangles,  whence  the  bounding  lines  and  area  may 
be  computed. 

232.  Othenoiae.  Measure  a  hate  line  within  or  without  the 
tract,  or  use  a  poition  or  all  of  one  side  as  a  base  line,  and 

observe  from  each  extremity  of  this 
line  the  angles  formed  by  it  and  a 
visual  line  through  eacli  comer  of 
the  tract.  There  will  thus  be  known 
two  angles  and  the  included  side  of 
a  series  of  triangles,  whence  the 
bounding  lines  and  area  may  be 
(.•alcnlftted. 

"lie  marginal  figure  represents  the 
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case  where  tbe  base  line  BL  iB  taken  ontsi<le  tlie  tract.  It  will 
be  noticed  that  it  is  possible  by  this  method  to  aurrey  a  farm 
without  entering  npon  it. 


B.    aBNBR&X.  METHOD. 

233.  The  methods  given  in  the  last  three  articles  are,  however, 
quite  limited  in  their  application,  aince  it  rarely  happens  in  a 
tract  of  considerable  magnitude  that  all  the  corners  are  visible 
from  any  one  corner,  or  from  any  point  within  or  without  the 
field. 

The  following  method  of  determining  the  area  by  means  of 
latitudes  and  departarea  is  applicable  to  all  right-lined  figures, 
and  is  the  most  general  and  accurate. 

Let  POLM  represent  a  tract  of  land,  the  area  of  which  is 
desired.    Measure  all  the  sides  and  angles,  interior  or  deflection, 
with  a  single  bearing,  if  the  transit 
ia  used,  or  take  all  the  bearings  with     ^ 
a  compass.     Dietribjite  the  angular 
error,  if  any  made  by  transit  (see 
note,  Article  207).     Obtain  tbe  lati- 
tudes and  departures,  and  balanc-e 
the  survey. 

Let  ^iS'  represent  a  meridian  pass- 
ing through  P,  the  most  westerly 
station  of  the  tract,  and  Bb,  Cc,  and<  ■ 
Dd  meridian  distances.  Now,  if 
perpendiculars  be  dropped  from  the 
angles  0,  L,  and  M  to  the  meridian, 
it  will  readily  appear  that  the  area  of 
POLMP=  area  oOLMmo  minue  the 
sum  of  tbe  areas  of  the  triangles  PoO 
and  PmM,  or  POLMP  =  trape- 
zoids (OoLl  +  IXmM)  —  triangles 
(PoO-\-PmM) 

=  Ccx.OQ  +  DdxLB- 


h  X  Po—Ee-x.  Pm. 
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The  compntatioD,  then,  iDTolves  the  latdtades  and  deparU 
ares,  and  meridiau  diHtances ;  the  former  having  been  already 
explained,  we  shall  now  indicate  how  the  latter  may  be  obtained, 
or  rather  how  the  double  meridian  distances  are  found,  since  in 
order  to  lessen  fractions  the  doable  lengths  are  nsed. 

The  double  nJeridian  distance,  or  D.U.D.,  of  the  side 

PO  =2Bb=Oo,  its  departure. 
The  D.M.D.  of  02- =  2  Cfc  =  Oo  +  Xi  =  Oo  +  Qi  +  Qi 

=  2Bb+Oo  +  QL. 
The  D.M.D.  of  LM=2Dd=  iCc  +  QL- MR. 

TheD.M.D.  of  afP=2£e  =  2i>d-JtfK-Jtfm 
=  Mm  =  its  departure. 

It  is  evident  that,  in  a  corresponding  manaer,  the  double 
meridian  distances  of  the  bounding  line^  of  a  tract  ma;  be 
found,  no  matter  what  the  number  of  sides  or  magnitude  of  the 
angles.  Hence,  eouaidering  east  departures  pine  (  +  ),  and 
west  departures  minus  (  — ),  the  above  deductions  may  be 
expressed  in 

A  General  Rule  for  Obtaihiko  Double  Meridian 
Distances. 

The  double  meridian  distance  of  the  first  side  ia  equal  to  ttt 
departure. 

The  double  meridian  distance  of  the  secortd  side  is  equal  to  the 
double  meridian  distance  of  the  first  side,plua  its  departure,  plu» 
the  departure  of  the  second  side. 

The  double  meridian  distance  of  any  side  is  equal  to  the  double 
meridian  distance  of  the  preceding  side,  plus  its  departure,  plur 
the  departure  of  the  side  itself. 

The  double  meridian  distance  of  the  UM  side  deduced  6y  the 
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foregoing  rule  should  equal  its  departure,  and  wiU  serve  as  a. 
check  oti  this  part  of  the  work.' 

234.  Contiuaiug  now  the   work  of    computing  areas   and 
referring  to'  the  last  figure,  ve  ma;  form  the  following  table : 


1 

1 

"■"'■ 

S.  Ui. 

K.D1P, 

w. 

Dir. 

D.ICJ). 

DOUBLI 

DOITBLI 

1 

PO 

Pt 

Oo 

2  Bb 

2BbxPo 

2 

OL 

OQ 

QL 

2  ft 

iCcxOQ 

3 

LM 

LB 

MS 

2Dd 

2DdxLR 

4 

MP 

Pm 

Mm 

2Et 

2EeXP>« 

The  double  meridian  distances  are  placed  in  the  column 
beaded  D.M.D.  In  the  column  headed  North  Double  Areas  are 
placed  2Sb  X  Po  and  2Ee  X  Pm,  the  product  of  the  first  and 
fourth  double  meridian  distances  and  their  coiTespondiiig  lati- 
tudes. In  the  south  double  area  column  we  find  2  Cc  x  OQ 
and  2i)d  xLR,  or  the  product  of  the  double  meridian  distaocea 
of  the  second  and  third  aides,  and  their  respective  latitudes. 
In  other  words,  the  colnmn  in  which  each  of  the  products  of 
double  meridian  distance  and  latitude  is  to  he  placed  is  indi- 
cated by  the  latitude  employed  in  the  multiplication. 

Now,  twice  the  area  of  the  triangles  POo  and  PMm,  or  tb& 
snbtractive  portion  of  the  figure  oOLMmo,  is  given  in  the  north 
double  area  column,  and  twice  the  area  of  the  trapezoids  OoIA 
and  Ll3fm,  which  . include  the  triangles  named,  is  given  in  the 
column  of  south  double  areas.     Half  the  difference,  therefore, 

*  The  paiition  ot  the  meridiftu  (NS)  mitf  be  aiiumed  to  pau  through 
taj  other  comer,  or  even  through  a  point  outtide  the  sDrTe^.  A  slight 
modification  of  the  rule  just  given  would  make  it  applicable  to  uiy  of 
these  catei.  For  conTenience,  it  is  generallj  auuined  to  paai  through 
tile  moit  westerl;  station.  When  a  enrrey  Ib  made  with  the  transit,  nnd 
the  area  only  required,  it  is  most  conTenient  to  consider  one  of  the  sideft 
of  the  tract  the  meridian. 
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betweeo  these  saina  is  the  area  POLMP  required.  The  reason- 
ing  being  general,  and  independeut  of  the  Dumber  of  sides,  we 
have  for  finding  the  area  of  any  rectilineal  figure,  the  bearings 
and  distances  of  all  the  sides  being  known,  the  following 

Rule. 

1.  Prepare  a  table  as  exhibited  below. 

2.  Find,  and  place  in  their  proper  columns,  the  IcUUudes  and 
depaiiures  of  the  several  sides  of  the  tract. 

S.    Balance  the  survey  {if  necessary) . 

4.  Find  the  double  meridian  distances,  with  reference  to  a 
meridian  passing  through  the  most  westerly  *  staiion,  and  place 
them  in  the  D.M.J),  column. 

5.  Multiply  each  double  meridian  distance  by  its  corresponding 
corrected  latitude,  and  place  the  product  in  the  column  of  double 
areas  indicated  by  the  lalitude. 

6.  One-half  the  difference  of  Ute  sums  of  the  columns  of 
double  areas  vnll  be  the  required  area. 

r^t  as  now  take  the  field  notes  given  in  Article  198,  and  com- 
pute the  area  of  tlie  tract 

The  student  will  perceive  that  the  meridian  is  assiimed  to 
pass  tliroiigli  the  most  westerly  etation,  that  the  double  meridian 
distances  are  found  as  directed  in  233,  t^at  each  is  multiplied 
by  its  corresponding  latitude,  and  the  resulting  double  area 
product  placed  in  the  column  of  the  same  name  as  the  latitude. 

Lastly,  ttie  difference  of  the  two  columns  of  double  areas  is 
taken,  the  remainder  divided  by  two,  giving  the  number  of 
square  chains  iu  the  tract,  and  the  result  divided  by  10  =  12,032 
acres,  which  is  the  area  sought. 

On  account  of  the  meridian  passing  through  the  most  west- 
erly station,  and  because  the  field  is  to  the  left.t  the  areas  of 

*  For  coDTenience  siinply.  see  note,  preceding  irticle. 

t  In  Ihe  last  figure,  if  the  bearing!  are  taken  or  recited  in  tlie  order 
P.V,  ML,  I.O,  etc.,  the  tract  li  considered  on  the  left;  H  this  order  is 
reversed,  the  tract  is  on  the  right. 
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tiie  trapezoids  are  north,  and  those  of  the  triangles  south.  If 
we  had  assumed  the  meridian  to  pass  through  the  moat  easterly 
comer,  the  areas  of  the  trapezoids  then  formed  wonld  be  south, 
and  those  of  the  triangles  north. 

If  the  bearings  of  the  lines  were  reveraed,  or  the  survey  made 
with  the  field  to  the  right,  the  reverse  of  the  preceding  state- 
ment would  be  true. 

In  either  case,  however,  one-h&lf  the  difference  of  the  sums 
of  the  double  areas  will  give  the  contents. 

As  an  exercise  the  student  may  obtain  an  expression  for  the 
area  of  POLMP,  last  figure,  .assuming  the  meridian  to  pass 
through  X,  and  passing  round  by  MP,  etc.,  that  is,  keeping  the 
Beld  to  the  right.  He  may  also,  with  the  meridian  through  P,  and 
keeping  the  field  to  the  left,  obtain  an  expression  for  the  area. 

As  a  farther  exercise  he  may  verify  the  result  in  the  last 
example  solved,  taking  the  meridian  through  the  most  easterly 
Station. 


Calculate  the  areas  flrom  the 

following  I 

plot  of  each : 

(1)  N.      9°  W. 

15.50  cha 

(2)  N.    31°  E. 

25.40      <■ 

(3)  S.     69°  E. 

10.00      * 

<4)  S.  101=  E. 

19.70      ' 

(5)  S.  lOf  W. 

U.60      ' 

<6)  N.    89°  W. 

21.00      ' 

8r*. 

tlOHII. 

Luni. 

Dim. 

LM. 

L 

LM 

23.46 

<f 

M 

ifN 

1.30 

22= 

y 

NO 

66.80 

flO" 

0 

OP 

28.86 

180° 

p 

PL 

67.10 

270" 

L 

LM 

seo-orc 
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(1)  N 

llf  E. 

13.19 

(2)  S. 

87°  W. 

8.60 

(8)  S. 

20J'W. 

11.76 

W  s. 

srE. 

10.08 

An,.   lIV«,«!re.. 

If  in  Article  76  we  eabstitnte  reapectivel;  for  abscissa  and 
ordinate  of  a  comer  of  a  tract,  departure  and  latitude  of  the 
Bide  ending  at  said  corner,  the  rule  there  given  may  be  applied 
to  snrveys  made  with  an  angular  instrument. 

To  illustrate,  take  the  example  given  in  the  last  article : 


CoBBBcnn 

COBBKTED 

^! 

IJUI. 

1| 

ABua. 

If.     '       S. 

«.     1    w.- 

12:27 

4.68 

0.00 

9.06 

10.16 

-12.27 

4.68 

-14.84 

182.0868 

3.41 

S.28 

-  3.21 

14.84 

-6.00 

22.1400 

8.34 

8.86 

30 

11,68 

6.61 

1.3220 

1.87 

1.98 

8.54 

8.23 

5.33 

18.8682 

1.97 

6.25 

1.97 

6.26 

8.23 

16.2181 

2)2«.989l 
10)130.82  tq.ch. 

In  this  case  the  axes  were  taken  through  the  most  westerly 
station,  thereby  making  tiie  total  departures  all  plus,  but  giving 
both  plus  and  miuus  total  latitudes.  On  account  of  the  signs 
the  double  areas  are  all  plus.  The  axis  of  ordinates  paasing 
through  the  most  westerly  station  makes  the  total  latitude  of 
that  station  zero,  and  consequently  there  is  one  less  multiplica- 
tion to  be  performed.  The  same  would  he  tiie  case  if  the  T 
axis  passed  through  tfae  most  easterly  corner. 
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Since  the  difference  of  the  alternate  total  depArtnrea  is  equal 
to  the  Bum  of  the  adjacetU  departures,  the  rule  just  ^ven  may 
be  stated  as  follows  : 

Multiply  the  total  latitude  of  each  itation  by  the  mm  of  the 
deparlurea  of  the  adjoioent  Met,  and  take  half  the  sum  of  thete 
prodttctafiyr  the  area. 

To  illustrate,  take  the  followiDg  example : 


1 

.™,... 

1 
i  N. 

a  1 

a. 

B. 

W. 

1 

1 

DODBLB  ABBU. 

N.  26°  E. 

433 

393 

IBS 

000 

N-va-eyE. 

191 

43 

186 

393 

360 

146017 

s.  a-  41'  w. 

539 

636 

62 

430 

124 

64064 

8.  260  W. 

40 

3u 

17 

-90 

-79 

7831 

N.  65=  W. 

320 

186 

290 

-185 

-307 

41446 

8)248M7 

43G60)1241T8.6tq.ft 

2.863  urea. 

-   The  studeDt  ma;  verify  the  preceding  example  b;  this  method. 

2.  Given  the  beariogs  and  distances  of  the  aides  of  a  field,  as 
follows,  to  find  the  area  bj  each  of  the  two  preceding  methods. 
Ascertain,  also,  the  error  of  the  survey. 


(1)  N. 

ej-w. 

9.38  chains 

(2)  N. 

65i*  E. 

8.25      " 

(S)  S. 

39' E. 

6.51      " 

(4)  S. 

2'W. 

4.45      " 

(6)  S. 

46*  W. 

5.00      '* 

(6)  N. 

88- W. 

6.79      " 

S.   Given  the  boundaries  of  a  trsot  of  land  with  the  corre- 
sponding weights,  as  follows,  to  determine  the  area  by  doable 
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meridian  distanceB,  asing  the  weights  in  balancing  the  aurrey  oB 
indicated  in  S°,  Article  208.     DetermiDe,  also,  the  error  of  the 


(1)  S. 

(2)  S.      f 

(3)  N.  89^'  E., 

(4)  N.      1°  65'  E., 

(5)  S.  SOI"  E., 

(6)  S.  58f  E., 
(7>  N.  39=  E., 
(8)  N.  16^°  W., 


79°  10'  W.,  dlBt.  27.00  chains,  weight,. 

34.08  " 

10.47  " 

15.30  " 

7.15  " 

11.50  " 

9.20  " 

24.68  " 


4.  The  distances  and  interior  angles  of  a  farm,  together  wiQt 
the  bearing  of  one  line,  ai-e  given  below.  The  angles  were 
measured  very  accurately.  It  is  required  to  calculate  the  area. 
by  either  of  the  precediim;  methods,  balancing  the  surre;  by 
(2°)  Second  Case,  Article  208.     Also  make  a  plot. 


Angle  £, 

90- 

aide  LM,  28.00  c 

"      M, 

148i' 

"    MN,  25.20 

"      JV, 

8H' 

"    NO,  14.70 

"      0, 

220° 

»    OP,   12.48 

"    p. 

90" 

"    PQ,  27.96 

"     Q, 

90° 

"     e«,  16.16 

"      B, 

270° 

"    RS,  11.90 

"      S, 

90' 

"    SL,   21.60 

Bearing  of  LM,  N.    10°  £. 

5.   The  notes  of  a  snrvey  are  given  below ;  it  is  required  to 
determine  the  area  by  double  meridian  dbtances  after  correct- 
ing the  latitudes  and  departures  by  a  combination  of  2°  and  3°, 
Article  208.     See  also  note  in  eame  article. 
The  interior  angles  were  observed. 
Angle  7^,     91°  44';  side  Lif,  17.16  chains;  weight,  2. 
"      3f,  168'20';     "    MN,    9.48      "  "         1. 

"      N,  104°49';    "    NO,    8.39      "  '•      If 

«       0,    179°  30';     "     OP,   15.28      "  "         2. 
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Angle  P,  90°  19' ;  aide  PQ,  16.05  chflins ;  weight,  2f 

"      Q,  90=05';  "    QB,  15.68      "            "          3. 

"      R,  283°  49';  "    RS,  11.40      "              "           1. 

"      8,  71°  24';  "    SL,  13.80      "              »           1. 

6.  Select  a  tract  of  land,  aonie  of  the  sides  being  much  diota 
difficult  than  the  others  to  align  and  measure,  survey  it,  weight 
the  Bidee,  balance  the  l&Utudes  and  departurea  according  to  the 
weights,  and  calculate  the  area. 

7.  Let  one  party  of  students  survey  a  tract  of  uneven  or  hilly 
land  of  considerable  magnitude,  by  means  of  transit  and  stadia 
and  rectangular  co-ordinates  ;  another  party  at  the  same  time, 
or  the  same  party  subsequently,  survey  the  same  tract  in  the 
usual  way.     Compare  results. 

O.    WHBN  OPPSBTS  ABB  TAKSH. 
23S.  Let  the  annexed  figure  represent  the  case.    The  prop- 
erty lines  are  NO,  OP,  PL,  and  the  centre  of  the  creek  •  RS. 
Obtain  sufSdent  data  to  compute  the  area  of  the  rectilinear 


■  When  B  DOD-navigable  ttreaio  (omu  a  boimdarj  of  a  tract  of  land, 
the  middle  of  it  ii  conildeKd  the  property  line.  nnleM  othenriie  ipeci&ed. 
In  navigable  river*  and  tidal  waters,  the  bonndai;  ii  low-water  mark. 
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flgnre  LNOP,  and  take  ofteets  from  the  lioe  LN  to  the  middle 
of  the  stream,  w  directed  in  Offsets  and  Tie-Lines,  Article  73 ; 
and  ID  Traversing,  Article  164.  Calculate  the  area  of  LNOP 
by  one  of  the  preceding  methods ;  to  this  add*  the  sum  of  the 
areas  of  the  trapezoids,  and  triangles  formed  by  the  offsets 
from  tbe  line  LNta  the  middle  of  the  creek.  If  the  width  of 
the  stream  is  considerable,  and  especially  if  great  accuracy  is 
required,  the  surveyor  must  not  ignore  the  amall  triangles  f 
formed  at  L  and  N. 


236.  To  Pind  th«  Area  of  a 
Fond  or  Small  Lake,  traverse, 
or  take  the  bearings  of  the  aides 
LM,  M2f,  NO,  etc.,  and  measure 
them ;  also  take  offsets,  at  proper 
points,  from  these  lines  to  the 
edge  of  the  water. 

Calculate  the  area  included  be- 
tween the  right  lines,  and  sub- 
tract therefVom  the  area  found  by 
the  offsets ;  tbe  remainder  will  be 
the  area  reqnii-ed. 


1.  Let  one  party  survey  a  field  with  compass  and  diain, 
taking  bearings  and  distances  of  all  the  sides;  another  part;}' 
survey  the  same  field,  using  transit  and  chain,  and  observing 

•  If  the  bate  line  LN  ii  withont  the  tract,  u  in  LNO'I",  the  area 
Included  between  the  middle  of  the  atream  and  LN  mtut  be  tubtraetad 
from  that  of  LNO'P', 

t  Other  things  being  equal,  the  areas  of  these  small  triangle*  depend 
upon  the  obliquity  of  PL  and  ON.  There  will  be  none  formed  when  FL 
and  NO  are  perpendicular  to  the  base  LN.  In  the  case  presented,  the 
area  of  the  triangle  at  i,  is  to  be  added,  and  that  of  ^n'i>  subtracted  from 
the  mm  of  the  areaa  of  the  trapezoids,  to  obtain  tbe  correct  content 
between  LNvxi  the  middle  of  the  creek. 
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tbe  interior  or  deflection  Angles ;  &  third  party,  oaing  the  cfafdn 
only.  Each  party  should  use  proof  hnes,  make  record,  plot, 
and  calcalate  Uie  area.    Compare  resnlta. 

2.  With  a  transit,  surrey  a  field,  a  part  of  which  is  bounded 
by  a  creek,  lake,  or  some  crooked  line  requiring  ofibete  to  be 
taken ;  make  a  plot,  and  compute  the  area. 

8.  Triangulate  a  portion  of  a  river  or  small  lake ;  make  a 
plot,  and  compute  the  area. 

4.  Make  the  necessary  measurements  to  write  a  description, 
to  make  a  plot,  and  to  compute  the  area  of  a  portion  of  a 
crooked  road. 

5.  Observe  all  the  bearings  and  measure  all  the  sides  of  a 
polygonal  field,  except  the  bearing  and  distance  of  one  side. 
Compute  the  area,  and  length  and  bearing  of  omitted  side. 
Subsequently  observe  the  bearing  and  distance,  and  note,  if  any 
disagreement,  how  much  the  area  is  affected  thereby. 
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DEOLIHATION  OF  THE  lUaNSTIO  ITEEDLE,  OS  TABIATIOV 
OF  THE  OOMFASS. 

237.  It  has  beea  already  remarked  (Article  82)  that  the 
magnetic  and  geographic  meridian  do  not  in  general  coincide. 
The  angle  included  by  the  vertical  planee  containing  these  linee, 
or  the  angle  which  the  direction  of  the  needle  makes  with  the 
gec^raphic  meridian,  is  the  declination  of  the  needle,  sometimes 
called  the  variation  of  the  compass.  It  is  different  at  different 
places,  and  is  a  vainable  quantity  at  any  place. 

The  declination  is  termed  ecut  or  west,  according  as  the  north 
end  of  the  needle  points  to  the  east  or  west  of  the  gec^aphic, 
or  true  meridian. 

The  magnetic  declinations  of  a  few  places  for  the  year  1885 
are  given  below ; 

Sitka,  Alaska,  ZS'SO'E. 

Milledgeville,  Ga.,       2°  32'  E. 

New  Orleans,  La.,       6°  11'  E. 

CityofMexieo.Mci.,  r24'E. 
San  Francisco,  Cal.,  16°  S4'  E. 

238.  Inr^ular  Changsa.  The  magnetic  needle  is  subject  to 
distnrbancea  during  a  thunder  storm,  or  an  exhibition  of  aurora, 
solar  changes,  and  sometimes  it  is  considerably  agiiAted  with- 
out any  apparent  cause,  but  probably  on  account  of  magnetic 
or  electric  distarbances  more  or  less  remote. 

The  changes,  however,  which  especially  concern  the  surveyor, 
are  the  diurnal  and  secular. 

•  At  tbii  place,  September,  1687,  the  nftgnetlc  decUn«tlon=8°  01'  W. 


Eaatport,  Me., 

19' 

lO'W. 

Albany,  N.Y., 

10- 

ll'W. 

Pittobarg,  Pa.," 

J. 

52'  W. 

Omaba,  Neb., 

10" 

06'  E. 
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239.  The  Sinmal  Tarution.  It  has  been  aacertuned,  by 
repeated  obserratioDS  at  various  places,  that  the  magnetic 
needle  is  snbject  to  daily  ctaanges  ;  that  at  a  time  varying  ^m 
tvo  to  three  hours  after  sunrise  the  north  end  of  the  needle 
attains  its  maximum  deviation  to  the  east,  or,  bb  it  is  called,  its 
eastern  elongation ;  from  this  time  it  is  deflected  weetvard, 
attaining  its  western  elongation  between  1  and  2  o'clock  p.k., 
whence  it  retrt^ades  towards  the  east.  There  is  sometimes 
an  interruption  of  the  motion  at  night,  but  generally  a  small 
reversed  movement  is  exhibited,  the  magnetic  meridian  being 
crossed  a  second  time  between  7  and  9  p.m.  The  times  at 
which  these  limits  sre  reached  vary  with  the  seasons :  during 
the  north  declination  of  the  sun  the  averages  for  eastern  and 
western  elongations,  respectively,  are  about  T.30  a.k.  and  1.15 
P.M. ;  forthereroainderof  the  year,  about  8. 45  A.M.  and  1.45  F.H. 

The  averi^e  daily  direction  or  mean  magnetic  meridian  is 
reached  in  snmmer  about  10.15  a.m.,  and  in  winter  about 
10.45  A.M.,  at  Philadelphia,  and  generally  within  half  an  hour 
of  these  times  at  other  places. 

The  angular  range  between  these  limits  is  not  constant,  but, 
as  may  be  seen  by  the  table  subjoined,  it  is  considerably  greater 
in  summer  than  in  winter,  amounting  at  Philadelphia  to  10'  30" 
in  August,  and  only  6'  in  Novembei',  or  a  yearly  averse  of  8', 
while  at  Key  West,  Florida,  the  average  for  the  year  is  about 
5'  30" ;  in  higher  magnetic  latitudes  the  average  being  more 
than  in  the  lower.  It  is  least  in  years  of  minimnm  sun  spots 
(as  in  1878,  for  instance),  and  greatest  in  years  of  mazimuni 
sun  spots  (as  in  1870),  the  ratio  being  about  ns  7  to  13  of  the 
average  amount  of  these  years  respectively.  The  daily  vari- 
ation is  at  times  interrupted,  at  others  enfeebled,  and  frequently 
in  the  winter  there  are  days  on  which  it  cannot  be  recognized. 
On  account  of  the  daily  movement  of  the  needle,  its  variable 
range  during  the  year,  and  disturbances  fl-om  atmospheric  phe- 
nomena, it  is  well,  when  taking  the  bearing  of  any  important 
line,  to  record  the  date,  time  of  day,  and  condition  of  the 
atmosphere,  using  the  subjoined  table  as  far  as  practicable. 
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340.  For  reducing  the  direction  ot  the  needle  observed  at 
other  hours  to  the  mean  mngnetic  meridiao,  the  foUowiDg  table 
(takea  from  instructions  to  United  States  Deputy  Surveyors),  is 
furnished.  It  gives  to  the  neareat  minute  the  variations  of  the 
needle  from  its  averse  position  dnring  the  day,  for  each  hour 
in  the  day,  for  the  foor  seasons  of  the  year. 


..«...-. 

..-. 

*.-. 

-■ 

,... 

P.«. 

P.-.i,.-. 

P.-. 

,... 

Hour 

6 

7 

8 

« 

10 

n 

12 

1 

2 

3 

4 

6 

6 

Spring 

3' 

4' 

i'      3' 

1' 

I' 

4' 

6" 

y 

4' 

8' 

2' 

1' 

Summer 

4' 

y 

G'      4' 

1' 

2' 

4' 

ff 

5' 

4' 

3* 

2' 

1' 

Autnron 

2'  .  & 

y      2' 

0' 

2' 

3' 

4' 

8' 

2'      1' 

1'  1   0' 

Winter 

V      V 

2'  ■    W 

1' 

0' 

2' 

3' 

8' 

2'  j    1' 

1'  I    0' 

24L  The  Seenlar  Tariatioa.  Observations  extending  through 
many  years,  at  various  places,  indicate  a  continual  change  tailing 
place  in  the  declination  of  the  needle ;  that  these  changes  ai'e 
not  contiQuoue  in  direction  nor  uniform  in  intensity ;  that  in  this 
country  the  movement  which,  at  the  end  of  the  last  century,  nas 
eastward  is  now  vxttward  at  all  places  east  of  the  Rocky  Moan* 
tains,  and  that  a  period  of  250  or  300  years  may  elapse  before 
the  needle  will  a^aiu  resume  the  position  it  now  occupies.* 

342.  The  Line  of  no  I)eelmatio]i,t  or  Agonio  Line,  is  the  locus 
of  all  points  on  the  earth  where  the  direction  of  the  needle  is 


■  The  explanation  of  the  Becnlu-  chuige  mutt  ultlmateljr  be  referred 
to  force*  of  a  periodic  ch&rscter,  acting  for  centnriea  with  great  regnlarit]'. 
So  far  no  approach  has  jtt  been  made  towards  the  diicoTeiy  of  the  cauie 
of  the  motion.  .  .  .  The  atudy  of  the  TarUtion  of  the  declination  ao  far 
would  aeem  to  indicate  a  secular  chauge  C7cle  for  •l«Uon«  In  the  TJoited 
Stales,  extending  over,  or  Tarjing  between,  (he  limits  of  about  220  or  860 
jean.    The  data,  however,  are  very  unceHaln.     (U,  S.  C.  4  O.  8.,  1879.) 

t  Sometimes  caUed  the  Litu  a/ no  Variation. 
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coincident  with  the  geographic  meridian.  At  ftll  places  on  th« 
American  continent  aitaated  to  tlie  east  of  this  line  the  declina- 
tion iB  west,  and  at  all  places  to  the  weet  of  it,  the  declination 
is  eox. 

The  line  of  no  declination  has  been  moTing  westward  during 
the  present  centurj.  From  a  cliart  published  by  Professor 
Loomis,  in  the  American  Journal  of  Science,  1840,  it  appears 
that  the  lines  of  equal  declination,  or  isogonic  lines,  crossed 
the  United  States  in  a  N.N.W.  direction ;  the  deflection  towards 
the  west  being  greatest  in  Maine.  The  line  of  no  declination 
at  that  time  entered  North  Carolina  about  midway  between 
Newbern  and  Wilmington,  passed  through  the  middle  of  Vir- 
ginia, and  into  Lake  Erie  at  a  point  nearly  equidistant  from 
Erie,  Pa.,  and  Cleveland,  Ohio. 

In  1885  the  Agonic  Line  entered  the  United  States  a  little  to 
the  east  of  Beach  Inlet,  S.C.,  thence  through  Greensboro,  N.C., 
Christianebnrg,  Va.,  Point  Pleasant,  W.Va.,  St.  Clairsville, 
Ohio,  a  short  distance  west  of  Detroit,  and  a  few  miles  east  of 
Fort  Mackinac,  Mich. 

In  the  year  1700  the  declination  at  Hiiladelphia,  Pa.,  was  8^" 
west.  During  the  next  century  it  diminished,  reaching  a  mini- 
mum in  1800  of  1^°  west,  since  which  time  it  has  been  increas- 
ing, and  is  now,  January,  1887,  at  the  Philadelphia  State  House, 
lat.  39°  56'  54",  long.  75"  09',  6°  50',  with  an  annual  increase 
of  5'. 

-  343.  Kir.  Charles  A.  Schott,  late  chief  of  the  computing 
divieion  of  the  U.  S.  C.  &  G.  S.,  tabulated  the  declinations  ob- 
served at  various  stations,  and  deduced  from  them  formulas 
by  which  the  magnetic  declination  at  various  places  may  be 
computed.' 

The  places  are  arranged  get^raphically  as  far  as  practicable, 
and  are  given  by  latitude  and  longitude  (weet  of  Greenwich). 
The  epoch  to  which  the  formulas  refer  is  1850,  or  m  =  f  —  1850. 

"  U.  8.  C.  &  G.  S.,  1882.    App.  12. 
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FoKKtrufl  ExPKSBuno  ihb  Haonbtio  Dbouhatioii  at  Vauov*  Flaom 

Ur    THB    UnITBD    StATBB,  AMD    FOB    ART   TuiB   WITain    TUt    LlMITS    OF 

OMBavATioir. 


Sua  or  er*Tiol«  *»!• 

TUIW. 

YUIW. 

Dbcu>««iom. 

PorOUKl.M...    . 

M°SS.3' 
tt°U.t' 
«2°*8.4' 

*a°ai.i' 

«3°3S.«' 

41''1I.0 

41°tt.«' 
41=>18.S' 

41°3».2' 
420  2e.(' 

43°sa.s' 

4»=IW 

42=0I.S' 

aooM.o' 
tt^ao.o 

88°  38,0 

war 

40°U.D' 

M°1T,8' 

+  8«°».S' 
S»=4«.fl 

M°83.II 

70=18.9 

TS°lta 

7(r.4ejJ 

70=sa.s 

TFOS-B 

T0°0«J1 
Tl°34.1 

TS040.4 

ra°44.8' 

WM-S' 
I9°S3.4 

80°  04^ 

8s°(e,o 

84=  JS^' 
W12.I' 

-l-TT^OO.a' 
T0=U.8' 

B2»M.S 

z>-+»?w+i°e8dfl(i«»+ali) 

I>- +10.81 +  3.M>ls(l.SaBi-9).t) 
+  0.M«laClJ»».  +  m) 

0-  +10.08  +  3.83  ■lDtl.fi  M- 34.3) 
D-  +10.83+ B.1I  rintl.4«ii.-*.T) 
1>-  +10.07  +  S.IO  •la(1.4Bi  +  l.B) 
D-+  l».B0  +  3.81dD(l.Mipi-1.0) 

».+ B.Ba  +  a.w.iD(i.80»+i.o) 

D-+  B.fil+3.«eitD(l.SM  +  T.O) 

+  O.Uata(B.Ii>  +  4t} 
i>-+  S.n  +  l.I8ilD(l^n  +  t.tJ 
D-+  t.lO  +  2.WtlB(lMn~S.i} 

+  0.».ln(TJ«  +  l]e) 
Zl'+  8.06  +  1.90  >ln(I.lfiM-28.4J 
D-+  T.I8  +  8.1IiliiC1.40«-a2.1J 
0-+  8.1T  +  8.01«ln(l^iii-«.a) 
D~+  8.1»  +  3,£4iin(l.Stiit-lS.fl) 
i>-+  3.84  +  3.47  lln[1.4«-SI.a) 
D-+  3.80  +  S.811rl»(1.4lll-44.T) 

+  0.0»rtit0^ii.  +  188) 

+  O.Og«ln(W  «  +  MT) 
D-+  2J9  +  2.niln(l^«-aB.7) 
D-+  O.K  +  2MihHlAm~VI.S) 
D-+  0.10  +  1.07  •1n(1.40»~a,9) 
B  =  - 0,»7  +  l.Slrin(l.S0n-15.3) 
C-+  lJM  +  l.T0alB(I.44M-68.6) 
D— 140  +  2^  ^(1.4a"-8».B) 
D  =  -  7.1s  + 133  rtn(1.4  «-».]) 
D-+  8.40  +  3.10  liDO.Biii-O) 

+  0.I4«n(ej«  +  B^) 
i>-+  £.33  +  3.38  ■lii(l.fi4«-13^) 

+  0.2artn(4.1«  +  lS7) 
ZI-+  ».S8+3.3»Hn(l.&B«l-8».») 

+  0.3»ila(t.0ii  +  lB]] 
i)-+  a.»3  +  l.Bedn(l.M™  +  0^) 
i>-+  S.3a  +  3.&7>lB(l.Uin-21.S) 
0.+  1.47  +  a.62.1iiCI.40»-14.«) 
D-+  3.M+a.41lln(l.KHll-a*.4) 
D*^- 1.U  +  1.T4 110(1  Jis-lJ] 
D  =-1,84  +  183 110(1.6  ni-M.B) 
i)>c-'S.M  +  3.S3iln(1.4m-33.&) 
D—  4J12  +  I.00dn{i.3ii.-S8.7) 

Nswborrpon.  H«" 

NutnekM.  Uu*. 

Hinlord,  Cddii.  . 
Albunjf,  M.Y. .    . 

Tonmlo,  Cm,      . 

IfmrktU,  Obh>     . 
Clmlud.  Obto  . 
IMroH,Hkb.      . 
B>iiltd«St.U>ri>, 
Cfa»bi«U,  Obto  . 
8l.Loiil>.Uo.      . 

llBb. 

H»lboroi«h.P».. 
PUl»lalpblA,Fa. 

Cpa  Henry.  Vt 
8>TlIlI»b.  Gm.      . 
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FOBNCiuU  ExpsBwnia  thb  Maohbtio  Declihatiov.— CbnfmNcrf. 


Nu«  OF  Statiom  un> 

LlTI.  . 

LOBOI. 

EipBMiiiDii  FOB  llAannc 

Location. 

•rOT>». 

TUI.I. 

1T°U.S' 

WM.S- 

£>—  4!H.f  l?MllDa.3M  +  l£s) 

PuiH»,Hewarmii>d>    . 

T»=B2.3' 

D-- «.M+1.83llBlOJBt  +  ia.4) 

S4°4T.a 

87=*1.1' 

D-- ♦.16  +  IJS»tll(l.S«l-M.8J 

l[ablle.AJ* 

»»"«.«■ 

M<=Ca.4' 

S-- l.«0-f  l.«B>lB[].UiH-Ta.«) 

M««OrlMU,L>,     .    .    . 

•o°oi.g' 

D 6.81  +  3.B7rio(Mipi-M,») 

V«r.  Cnw.  Mwloo  .    .    . 

1»°  11.11' 

9«=09.B' 

0-- i.BS  +  6.M  1111(1. IOm-U.I)) 

U»i1».llul«  .... 

wos.o' 

D *.M  +  tMriB!l-llm-n.3) 

Aapul  no,  Mulco    ,    .    . 

0>- 4.11  +  4.83 •In(l.Oiw-Sl.l) 

8.^Blu.U»tco     .    .    . 

IDS"  16  .T 

Z>--  «.il  +  I.T4ila(0.9w-lM.3) 

M°taA 

U^ I.K  +  »JliliiCl.»«-l«.«) 

8uDlegD,Ci>l 

a3=«.i 

0  -  -lUl  + 1  .«0  aln  (1.3  H  -  1I9.R) 

UoDOrtj.Ot] 

M°M.l 

12l'>t»A 

D lS.eo  +  S.Jgrin(1.0 111-1*1.8) 

em  PruwUeo.  CM. .    .    . 

8T»«.* 

m°27.3 

zi=-ia.s4+8.as.iii(i.oom-i»o.» 

«PM.T 

iM°i>i.a 

D 30.38 +  aJ8rfii(].Mm- 180.0) 

6T"03.B 

D 38. 77  +  3.88 1111(1.4  ■1-111.8) 

DulMhka,  Aluka  .    .    . 

1MOS1.6 

O  -  -18.84  +  l.tt  iliiCl.*  m  -  87.8) 

Tt«»«.p^ 

tipia.a 

o-+a.48  +  o.osw((-i8«.8) 

«Wb««,P.. 

KfiW.i 

D-+  3J8  +  0,OS88(*- 1678.7) 

OMCMO.111. 

41OM.0 

WM.7 

D—  8.0S  +  0.0SS1 11-1880) 
+  0.00083  ((-IBM)" 

Onnd  Hn«i,  ICtoh.    .    . 

tt°Dfi.l 

B»3i3.a 

+  0.00120(1 -I860)t 

M.dtaoii,WU.     .... 

IV>IM.B 

SBOM.I' 

D-~  8.48 +0,0880(1 -1880.8) 

DulQlb,  VlDD.;  mod  SiiIK- 

WOtS' 

H— 10.W  +  0.0888((  -  18T8.B) 

BiaJu»lro,BiuU.    .    . 

-IBOSM 

4t°<ia.t' 

D-+  DJ81  +  0.UW((~UM) 
+  O.OOHt((-1860)> 

e«.ADWnlo.T«i.  .    .    . 

+  W°».4 

•*'».■• 

j>--io.i4+a.(no4(i-iBw) 

+  .000034(1- 18M)> 

ObuIh,  Hsb. :  ud  CoBDidl 

U^IJ-T 

•CM.*- 

2>= -11.(8  +  0.009(1-1880) 

BHiflk,Iow. 

Dmnr.Col 

so=».a 

iM°is.e' 

D I4.TB  +  0J)aa8Ct-IST!.») 

MtLakeChf.Uul).  .    . 

«=««.] 

111°  tM' 

i>- -18.81  -  0.OMO(( -IBM) 

To  illnstrate  the  use  of  the  table :  Suppose  it  ia  deaired  to 
Mcertain  the  declination  of  the  needle  at  Harrlsburg  for  the  last 
of  September,  1877,  oi  t=  1877.75. 

Take  from  the  table  the  expression  for  the  declination  at 
Hanisbaif; ;  that  is : 

D=+  2.9S  +  2.98  sin  (1.50m  +  0.2) . 
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Find         m  =  1877.75  - 1850  =  27.75 ; 

1.50m  +  0.2  °>  41.625  +  0.2  =>  41.825, 
and       2.98  x  oatorsl  sin  41.629  =  2.98  x  .66686  »=  1.987. 

.-.  2>=2.93  +  l. 987  =  4.917  =  4°  55'  west  (the  result  beiog 
plus) .  The  obeerred  dedinatioD  for  the  same  time  was  4"  53'  5". 
The  difference  between  tbe  computed  and  obeerred  declinatjon 
ie  Been  to  be  ver;  email. 

Id  niDDing  old  lineB  it  may  be  necessary  to  determine  tbe 
declination  at  a  time  anterior  to  1850 ;  then  m  will  be  negative. 
Suppose  tbe  declioatioD  at  Washington,  D.C.,  for  the  year  1841 
is  desired.    The  tabalar  expression  is : 

D  =  2.47  +  2.52  sin  (1.4m -  14.6), 
m=1841-1850  =  -9, 
(1.4m- 14.6)  =  -27.2, 
2.52Bin(-27.2)=-1.15. 

.'.  i>  =  2.47—1.15  =  1.32  west  (the  resalting  sign  beingp/iM), 
which  agrees  practically  with  the  obaeired  declination. 

244.  Tbe  following  table  is  taken  from  U.  S.  C.  &  G.  S.  Re- 
port, 1882,  App.  12,  Mr.  Scbotfs  paper  on  Secular  Variation. 
It  exhibits  the  computed  epoch  of  greatest  easteriy  deflection 
reached  in  the  secular  motion  ;  i.e.,  the  date  when  last  reached, 
or  the  date  (in  parenthesis)  when  it  is  next  expected  to  be  in 
that  position ;  the  amount  in  degrees  and  fractions,  and  direction 
(+  west,  -east)  at  this,  tbe  nearest  stationary  epoch ;  and  the 
computed  annual  changes  in  the  declination  of  the  magnetic 
needle  for  tbe  years  1670, 1680,  and  1S85,  a  pins  sign  indicating 
north  end  of  needle  moving  westward,  a  minos  sign  indicating 
north  end  of  needle  moving  eastward. 
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Farii,  Fruic« 

Usllfaz,  Ko*a  Scotia  . 
Quebec,  Canada  .... 
Montreal,  Canada  .  .  . 

Eutport,  Me 

I'ortlaod,  He 

Burlington,  Tt. 

Ratland,  Tt 

PorUmonth,  N.H.  .  .  . 
Newburyport,  Maat.  .  . 

Salem,  Haai 

BoatoD,  Mui 

Cambridge,  Mam.  .  .  . 
Hantncket,  Haaa.  .  .  . 
pTOTidence,  RX  .... 

Hartford,  Codd 

New  HaTOU,  Conn. .  .  . 

Albany,  N.Y 

Oxford,  N.T. 

Buffalo,  N.T 

Toronto,  Canada  .... 

Erie,  Pa 

Marietta,  O 

Clereland,  0 

Detroit,  Mich 

Sanlt  de  St.  Marie,  Mich. 

CinclnnaU,  O 

8t.  LouiB,  Ho 

New  York,  N.T 

HatboroQgh,  Fa 

PhiladelphU,  Pa 

Baltimore,  Md 

Harriiburg,  Pa 

Waihin^n,  DC.   .  .  . 


k 

s 

1681 

-10.6° 

1729 

+  12.40 

1809 

+  12.1'' 

1810 

+  7.8= 

1760 

+  13.6" 

1704 

+  8.0" 

1810 

+  7.2' 

1806 

+  6.3= 

1701 

+  7.6= 

1784 

+  7.0= 

1791 

+  6.2= 

1777 

+  6.6= 

178a 

+  6.0= 

1779 

+  6.6= 

1780 

+  6.1= 

1700 

+  6.2= 

1802 

+  4.7= 

1703 

+  6.2= 

1707 

+  3.0= 

1806 

+  05= 

1811 

-  0.6- 

1816 

-  2.0= 

1700 

-  2.0" 

18D0 

-  3.2' 

1828 

-  1.2' 

1816 

~  6.0= 

1800 

-  0.5= 

1707 

+  4.0= 

1797 

+  1.8' 

1800 

+  1.0= 

1802 

+  0.8= 

1700 

0.0' 

1796 

o.c 

„»™. 

IVIMO. 

-7.0' 

-6.1' 

+  1.8' 

+  1.0' 

+  42' 

+  1.6* 

+  6.1' 

+8.1' 

+a.3' 

+  2.7' 

+  2.4' 

+  1.6' 

+  5.0- 

+  6.0' 

+  6.0* 

+  6.6' 

+4.4' 

+3.7' 

+3.9- 

+  3.3' 

+  6.0* 

+4.1' 

+  8.4' 

+  2.0* 

+  2.0' 

+  2.1' 

+3.8' 

+  2.7' 

+  3.8- 

+3.8' 

+  8.7' 

+4il' 

+  4.3- 

+45' 

+  3.7' 

+  4.6' 

+  4.3' 

+  6.1' 

+  6.0* 

+  4.8' 

+  4.5- 

+  4.4/ 

+  4.2' 

+  4.2' 

+  4JJ' 

+  3.8' 

+  2.5' 

+8.4' 

+  3.0' 

+3.6' 

+  4.0' 

+3.8' 

+  8.9' 

+  3.4' 

+  3.2' 

+  2.4' 

+  2.5' 

+  4.8' 

+  4.6' 

+  4.9' 

+  4.9' 

+a.«' 

+  3.8' 

+  4.1' 

+  8.8' 

+3.6' 

+  8.2' 

-9.6' 
+  0.6' 
+  0.6' 
+  2.8' 
+  2.8' 
+  U' 
+  5.8' 


+  2.4' 

+a6' 

+  4.1' 
+  3.4' 
+  4.0* 
+  4.8' 
+  3.8' 
+  4.0* 
+  4.2' 
+  2.2' 
+  2.8' 
+  4.1' 
+  3.8' 
+8.0' 
+  8.8' 

+  6.3' 
+  3.2' 
+  2.8' 
+  8.0' 
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Pi 


Auhdh.  CEinai. 


I>  Itm.      I>  ISW.      IH  19U. 


Cftpe  Hetir]r,  V* 

Cbarleiton,  8.C 

SiiTaDD*h,  Ob. 

Key  West,  FU.    .  .  .  . 

Havana,  Cuba 

KiogBton,  Jamaica  .  .  . 
Panama,  New  Granada 

Florence,  Ala. 

Mobile,  Ala 

New  Orleani,  La 

Vera  Cruz,  Mexico  .  . 
Mexico,  Mexico  .  .  .  . 
Acapaico,  Mexico  .  .  . 
San  Bias,  Mexico  .  .  . 
Magdalena  Bay,  L.Cal. 

San  Diego,  Cal 

Uonierej,  Cal 

Sail  Franciico,  Cal.  .  . 
C.  Disappointm't,  W.T. 

Sitka,  Alaska 

Unalaehka,  Alaaka.  .  , 

Tyrone,  Pa 

Pittsburg,  Pa 

Chicago,  111 

Grand  Haven,  Mich. .  . 

Madiaon,  Wis. 

Dulmh,  Wis 1 

Superior  City,  Wis.  .  i 
Rio  Janeiro,  Brazil  .  . 
San  Antonio,  Tex.  .  .  . 

Omaha,  Neb I 

Council  BluEIS,  la.  .  .  i 

Denver,  Col 

Salt  Lake  City,  Utah  . 


+  3.7' 
+  3.0' 
+  3.6' 
+  4.2' 
+  2.7' 
+  1.6' 
+  1.4' 


+  4.9' 
+  3.0' 

+  3.2' 
+0.6' 


+  3.9' 
+  6.2' 


+  3,7' 
+  3.7' 
+  6.2' 


+10.7' 

+  2.2' 
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The  variabilit;  of  the  change  will  be  noticed.  For  example, 
take  New  York,  Philadelphia,  and  Uarriaburg,  places  compara- 
tively near  together. 

At  New  York  tiie  change  in  1870  was  onl;  one-half  that  at 
Philadelphia;  bnt,  both  increasing,  thb  ratio  was  maintained 
tbroDghout  the  15  years.  At  Harrisbiug,  on  the  contrary,  the 
annual  change  in  1870  was  nearly  six-sevenths  that  at  Phila- 
delphia, bnt  the  change  constantly  increasing  at  the  latter  place 
while  diminishing  rapidly  at  the  former,  the  annual  Tariation  at 
Harrisbnrg  in  1885  was  only  a  little  more  than  one-half  that 
at  Philadelphia.* 

245.  Effect*  (tf  the  Seonlar  Change.  It  is  evident  that  if  a 
surveyor  shoald  ignore  this  change,  in  attempting  to  establish 
the  comers  and  to  trace  the  boundary  lines  of  a  farm  from  their 
deBcription  in  an  old  deed,  it  would  be  possible  for  him  to  return 
to  his  place  of  beginning,  but  probably  none  of  his  other  comers 
would  coincide  with  the  true  comers. 

A  line  in  the  vicinity  of  Philadelphia,  which  12  years  ago  had 
a  bearing  N.  19°  £.,  would  now  bear  N.  20°  £.,  and  in  the 
same  locality  a  bearing  which  at  that  time  was  recorded  N.  19° 
W".  would  now  be  N.  18°  W.  A  variation  which,  if  not  cor- 
rected, would  indicate  the  end  of  a  line  15  chuns  long  over  26 
links  from  its  true  position. 

Take,  for  example,  the  notes  given  in  Article  208,  ps^e  161, 
and  suppose  an  interval  has  elapsed  sufficient  to  make  the  vari- 
ation two  degrees.  The  accompanying  figare  shows  the  true 
lines  and  comers ;  also  those  corresponding  to  a  survey  made 
without  taking  the  variation  into  account. 

The  bearings  and  distances  are  as  follows : 

(1)  S.  20°  53'   R     13.11  chains; 

(2)  N.  48°  10'   E.     13.62      " 

(3)  N.  43°  40'  W.      4.73      " 

■For  extended  iDvetligBtions  on  magnetic  declination,  see  U.  S.  C.  ft 
G.  8.  Reportf,  1879, 1861,  and  1862. 
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(4)  N.  46°  08'  W.  4.75  chainfl; 
(6)  8.  51°  30'  W.  2.S8      " 
(6)  S.   72°  80'  W.  e.56      " 


To  ftllow  for  a  variatioD  of  two  degreeB,  we  should  have  the 
following  bearings : 

(1)  S.   18°  53'  E. ; 

(2)  N.  60°  10'  E. ; 

(3)  N.  41°40' W.; 

(4)  N.  43°  08'  W. ; 

(5)  S.  53°  30'  W. ; 

(6)  S.   74''30'W. 

246.    To  deduce  a  general  rule  for   obtaining  the   magnetic 
bearings  of  old  lines  when  the  variation  ia  known. 
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Let  NS  represent  the  direction  of  the  msgnetlG  meridian  in 
the  vicinitj  of  a  survey  made 
several  years  ago ;  ITS',  its 
direction  several  years  later,  nt 
the  time  of  re-survey,  and  that 
the  north  end  of  the  needle 
points  2°  farther  vest.  It  is 
evident  that  at  the  time  of  the 
re-snrvey,  the  line  NS  will  bear 
N.  2°  E.,  and  OP,  which  accord- 
ing to  the  old  survey  bears  N. 
48°  £.,  will  have  its  bearing  in- 
creased 2°  or  N.  50°  E. ;  bat 
the  line  OM,  the  bearing  of  which  was  N.  42°  W.,  will  now  bear 
N.  40°  W.  A  line  recorded  as  east  will  be  traced  by  a  course 
S.  88°  E.,  and  so  on. 

Hence  the  rvie :  Increase  by  the  change  the  bearings  which 
are  northeasterly  or  southwesterly,  and  diminish  by  the  same 
amoQDt  the  bearings  which  are  northwesterly  or  southeasterly. 
The  foregoing  rule  is  directly  applicable  now  in  the  United 
States,  except  on  the  Pacific  coast,  because  the  variation  is  west. 
That  is,  the  north  end  of  the  needle  is  moving  west,  thereby 
increasing  the  readings  of  bearings  in  the  N.  E.  and  S.  W.  quar- 
ters, and  diminishing  the  readings  of  those  in  the  N.  W.  and 
S.  E.  qiiATters.  When  it  becomes  ea»t,  the  words  "increase" 
and  "diminish"  should  be  interchanged  to  make  it  correct. 
If  a  vernier  compass  is  used,  the  variation  may  be  set  off  and 
the  lines  traced  by  the  old  bearings. 

247.  Change  Determiaed  by  Old  LinM.  If  the  bearing  and  date 
of  survey  of  a  line  are  known,  and  its  extremities  visible  from  each 
other,  setting  the  instrument  on  one  end  and  sighting  the  other 
will  give,  by  comparison  with  the  recorded  bearing,  the  variation. 

NoTB.  —  Care  muit  be  taken  by  the  lurvejor,  when  called  upon  to  ran 
ODt  old  lines,  the  comen  not  being  deflnitelf  marked,  that  the  time  of  the 
former  (Orref  be  known;  the  date  of  Ihp  <lpei]  doce  not  indicate  that  of 
the  snrTej.  The  descrip^on  ol  the  Unea  may  have  been  copied,  aa  the;" 
frequently  are,  from  an  older  deed- 
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The  variation  to  be  applied  to  correct  magnetic  bearings  is 
frequently  determined  in  tbis  way. 

If  the  boundaries  of  a  tract  of  land  are  to  be  traced,  whether 
the  date  of  the  previous  survey  be  known  or  not,  the  surveyor 
seelcB  to  find,  if  possible,  two  consecutive  marked  comers ;  then, 
taking  the  bearing  of  these  and  comparing  with  the  record, 
he  obtains  the  change  sought. 

This  chuige,  properly  applied  to  each  side,  should  indicate 
its  direction. 

It  frequently,  and  in  large  tracts  generally,  happens  that 
though  the  corners  at  the  end  of  a  line  may  be  established,  they 
cannot  be  observed  from  each  other.  lu  such  case  run  a  line 
aa  nearly  as  possible  troTo.  one  corner  towards  the  other  by  the 
bearing  given  in  the  deed,  or  make  first  an  allowance  which  may 
seem  proper  from  the  data  at  hand;  measure  from  the  end  of  the 
line  thus  run  the  distance  to  tbe  true  corner,  and  by  the  67.3, 
rule,  Article  177  ;  or,  by  the  tangent  method,  same  article,  find 
the  angle  to  be  added  or  subtracted,  as  the  case  may  require,  to 
correct  the  bearing  with  which  to  run  the  line.  The  difference 
between  the  bearing  given  in  the  deed  and  the  corrected  bearing 
will  be  the  change  in  the  declination  since  the  survey  recorded 
in  the  deed. 


1.  A  line,  sud  to  have  been  surveyed  in  1860,  recorded 
N.  1H°  30'  E.,  24.40  chains,  was  run  in  1885  with  a  bearing 
N.  19°  45'  £., — the  variation  being  about  3'  to  the  west  per  year 
in  its  locality,  —  and  the  corner  was  7  links  to  the  right  (farther 
easterly)  of  the  end  of  the  line  run.  The  corrected  magnetic 
bearing  and  variation  are  required. 

1»  15'  +  "-^^7  ^  J,  jj,  _j_  jQ,  ^  jB  25-  ^  Tariation. 

Adding  the  variation  to  the  bearing  of  the  line  run,  since  the 
true  corner  was  farther  to  the  east,  there  results  N.  19°  55'  E. 
as  the  corrected  magnetic  bearing  of  the  line. 
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2.  If  in  Example  1  the  comer  hod  been  foaad  7  linka  to  tbe 
iejt,  what  wonld  be  the  correct  bearing  of  the  line  ? 

3.  A  line  which  in  1862  ran  S.  34°15' W.  18.56  chains,  in 
1886  bore  S.  S5°  35'  W.  What  was  the  average  change  in 
the  declination  per  year? 

4.  G-ive  the  con-ected  m^netic  bearing  for  1886  of  a  line  In 
the  same  locality  as  that  in  Example  3,  which  io  1868  ran  dne 
«ast. 

5.  Id  1876  a  line  had  a  bearing  S.  89°  45'  W.  16.80  chuna  ; 
in  1886,  mnning  by  the  same  bearing,  tbe  tme  corner  was  20 
links  to  tbe  north.  Give  the  average  annual  change,  and  cor- 
rect the  bearing. 

6.  If  a  line  60.00  chaias  in  lei^h  were  surveyed  in  the  early 
part  of  the  day,  where  the  needle  deviates  5  minntes  east  of 
the  mean  magnetic  meridian,  and  tbe  same  line  surveyed  soon 
after  mid-day,  tbe  needle  then  pointing  5  minutes  toett  of  the 
mean  magnetic  meridian,  how  tar  apart  would  the  lines  be  at 
their  ends,  and  what  the  area  included  between  them  ? 

24&  To  Obtain  the  True  Bearing  of  a  Lino,  that  is,  the 
bearing  with  respect  to  the  geographical  meridian,  when  the 


declination  is  toeat.  Assume  NS  and  N'S'  (left-band  figure)  to 
represent  respectively  the  true  and  maguetic  meridian.  Then  it 
.is  evident  that  the  bearing  of  any  Uue  between  the  north  and 
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east,  or  Bouth  and  we§t,  as  OP  or  OP*,  will  be  lest  referred  to 
NS  than  when  referred  to  N^S'  by  the  amount  of  the  angle 
NON'=SOS'=  the  declination. 

A  line  ruDning  between  north  and  west,  as  OM,  or  aonth 
and -east,  as  OM',  will  evidently  have  its  bearing  increased  b; 
the  amonnt  of  the  change. 

The  reverse  is  tnie  where  the  declination  is  east,  as  may  be 
perceived  by  reference  to  the  right-hand  figure. 

Hence,  to  get  the  true  bearing  from  the  magnetic  for  all 
places  east  of  the  line  of  no  declination,  t.e.  where  the  declina- 
tioa  is  toest,  subtract  the  declination  from  a  bearing  which  is 
northeasterly  or  southwesterly,  and  add  the  declination  to  a 
bearing  which  is  northwesterly  or  southeasterly.  Where  the 
declination  is  east,  as  at  all  places  west  of  the  line  of  no 
declination,  add  the  declination  to  a  bearing  which  is  north- 
easterly or  southwesterly,  and  subtract  the  declination  from  a 
bearing  which  is  northwesterly  or  southeasterly.  Where  the 
declination  is  west,  a  bearing  that  reads  north,  when  reduced  to 
the  tme  bearing,  will  evidently  be  west  of  north  the  amount 
of  the  declination  ;  if  the  declination  is  3°,  the  bearing  will  be 
N.  3' W.,  and  supposing  the  same  declination,  a  line  running  due 
east  magnetically  will  be  truly  N.  87°  E. 

The  reverse  of  the  last  paragraph  is  true  where  the  declina- 
tion is  east, 

Keuark.  If,  when  appljing  the  mle,  a  negatiTe  result  u  obtained,  care 
muit  be  exercised  in  the  interpretation  of  it.  For  example,  if  the  declina- 
tion is  3°  WcBt,  and  the  needle  indicates  the  bearing  of  a  line  N,  1°  E., 
there  reaulti,  by  the  mle,  — 2°.  This  ehows  limply  that  the  true  bearing 
It  to  the  ireit  of  north,  or  S.  2°  W.  If  the  bearing  is  S.  69°  E.,  adding  the 
declination,  a*  the  rule  Teqniret,  givee  evidently  the  reading  N.  88°  E. 

Reduce  to  their  true  bearings  the  following,  the  declination 
being  2°  55'  W. : 

N.  2"  15'  E.,  East,  S.  45°  E.,  South;  S.  87°  30'  W.,  N.  88' 
15'  W.,  North. 

Also  the  following,  the  declination  being  S°  40'  E. : 

N.  88°  E.,  East,  S.  2"  E.,  South;  S.  88°  30' W.,  N.  40°W., 
North. 
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349.  To  AMwrtain  the  DeolinRtlon.*  If  a  geographical  merid- 
ian were  traced  on  the  earth  conveDient  to  the  operations  of 
the  Burve3'or,  he  would  have  the  means  always  at  hand  by  which 
to  determine  the  declination.  .  He  could  simply  set  up  his  in- 
strument at  a  point  on  the  meridian,  take  the  bearing  of  another 
point  in  it,  and  the  reading  wonld  be  the  declination.  So  the 
problem  resolves  itaelf  into  the  determination  of  a  gec^rapbic 
or  true  meridian. 

250.  By  Folaria.  If  there  was  a  celestial  object  precisely 
at  the  point  where  the  prolongation  of  the  earth's  axis  pierces 
the  celestJal  sphere,  the  direction  of  the  meridian  couid  be  ob- 
tained by  simply  sighting  to  the  object.  This,  however,  is  not 
the  case,  but  Polaris,  or  Alpha  Ursie  Minoris,  is  a  star  whose 
polar  distance  is,  January,  1887,  1°  17'  38", f  and  which  appar- 
ently revolves  about  the  north  pole  in  23  hours  56  minutes.  It 
therefore  culmioateB  twice  daily,  and  twice  it  attains  itn  greatest 
distance  directly  east  and  west  of  the  pole,  called  respectively 
its  eastern  and  western  elongation.  If,  therefore,  the  Pole  Star 
conld  be  observed  at  the  instant  of  its  culmination,  the  line  of 
sight  would  be  in  the  meridian  plane ;  but  since  in  general  the 
local  time  of  transit  is  not  precisely  known,  and  since  the  star 
is  then  moving  at  right  angles  to  the  plane  of  the  meridian 
respecting  which  its  motion  is  at  that  time  a  maximum,  and 
consequently  a  small  difference  in  time  would  introduce  a  con- 
siderable error  in  arc,  this  method  is  not  as  reliable  as  that 
by  means  of  Polaris  at  its  eastern  or  western  elongiction,  as 
then  the  star  for  a  few  minutes  appears  to  move  in  the  direction 
of  the  vertical  wire,  or  compass-slit,  thus  affording  a  favorable 

*  For  other  methoda,  lee  Chapter  TI.  Section  I.,  Solar  Attachment; 
and  Chapter  VI.,  Art.  Solar  Coniput. 

1  It«  polar  dUtance  i«  diminiihing  at  the  rate  of  20"  (19.06")  per  year. 
This  diminution  nill  continue  until  the  star  li  within  half  a  degree  of  the 
pole,  when  it  nill  recede. 

In  1800  it«  polar  distance  will  be  1°  IB"  42". 

In  1000  its  polar  diitance  will  be  l"  13'  3»". 

In  1010  its  polar  diaUnce  will  be  1°  10'  26". 
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oppoitanit;  for  obeerring  it,  and  the  precise  time  of  observation 
need  not  be  known. 

Conceive  a  spberical  triangle,  the  vertices  of  which  are,  Z, 
the  zenith  of  the  observer ;  /*,  the  north  pole  ;  and  S,  Polaris. 
This  triangle,  when  the  star  is  at  an  p 

elongation,  will  be  right-angled  at  the 
star.  In  this  right-angled  spherical 
triangle  are  known  the  co-latitude  of 
the  observer's  station,  and  the  co- 
declination  or  polar  distance  of  the 
star,  to  find  the  azimuth'  and  hour 
angle.f  Using  natural  functions,  the  Z 
formula  for  the  hour  angle  is  C08  i*=  tan  PS  cot  PZ,  and  for 
the  azimuth, 

-in  ?  -  sin  -P^  ^  «i"  ^^   v 
sin  PZ      coa  lat'  * 

It  may  be  well  to  remark,  though  it  hae  only  a  theoretical 
significance,  that  these  formulas  are  not  applicable  to  all  north 
latitndes.  In  other  words,  there  will  be  no  hour  angle  shown 
by  the  first  formula,  nor  aziiuath&l  angle  by  the  second,  on  that 
parallel  of  latitude  which  i^rees  in  arc  distance  with  Polaris 
from  the  equator,  and  for  any  point  between  that  parallel  and 
the  pole  the  formulas  fful. 

This  remark  is  in  general  applicable  to  apy  circurapolar  star. 

Queries.  Is  Polaris  a  longer  time  passing  from  eastern  to 
western  elongation,  than  from  western  to  eastern,  to  an  ob- 
server whose  latitude  is  40°?  What  is  the  difference  in  time  to 
an  observer  whose  latitude  is  60°?  80°?  Where  would  this 
difference  be  a  mimimum  ?    Where  a  n 


■  I^e  admnth  of  a  etar  is  the  angle  between  the  meridian  plane  and 
the  Tertical  plane  through  the  <tar. 

t  The  angle  SFZ  included  between  the  meridian  plane  PZ  and  the 
plane  PS  paNing  through  the  star. 

t  The  aiimuth  ol  PqJnriB  at  elongation  varies  with  the  latitade  and 
with  the  rear,  9»  majr  be  aeen  by  the  table  on  page  217 
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SSL  Table  of  mean  local  time  astrouomical  (from  noon)  of 
the  etongatioDS  and  culminatioDH  of  Polaris  for  1885,  latitude 
40",  and  longitnde  6  houra  west  of  Grreenwich. 


FiBST  DiT  or 

E.E. 

r.c. 

W.  B. 

L.C. 

Jonuftrj 

FebruMT 

Mwch 

April 

May 

Jooe 

JiJj 

August 

October 

December 

0  3e.3 
22  29.0 
20  3S.& 
18  36.4 
16  38.6 
14  87.0 
12  39.6 
10  38.1 
8  36.S 
6  38.0 
4  37.0 
2  38.0 

h.  at. 
0  29.0 
4  27.6 
2  87.1 
0  35.0 
22S3.3 
20  31.7 
18  34.2 
la  32.8 
14  31.3 
12  33.6 
10  31.7 

8  sac 

*.   «. 
12  24.6 
10  22.2 
8  81.8 
6  20.7 
4  31.8 
2  80.3 
0  82.8 
22  27.6 
20  26.0 
18  28.2 
16  26.4 
14  28.2 

h.  m. 
18  28.0 
16  26.6 
14  36.1 
12  38.1 
10  85.2 
8  83.7 
6  36.8 
4  31.8 
2  83.8 
0  86.6 
22  2».7 
20  31;6 

To  correct  the  tabular  times  so  as  to  apply  to  an;  year  stibse- 
qtient  to  1885,  add  0.S5  mioutes  for  every  year.  For  any  year 
previous  to  that  date,  subtract  0.35  minutes  for  every  year. 

For  days  not  given  in  the  table,  interpolate,  or  allow  S.94 
minates  for  each  day,  the  times  varying  by  this  amount. 

To  allow  for  difference  of  latitude  between  the  limits  of  30° 
and  50°,  odd  0.14  for  every  degree  south  of  40° ;  subtract  0.18 
for  every  degree  north  of  40°. 

To  refer  the  tabular  times  to  any  year  fn  a  quadriennium. 


For  the  first  year  after  a  leap  year  the  table  is  perfect ;  for 
ttie  second  year  after  a  leap  year  add  1  minute ;  for  the  third 
year  after  a  leap  year,  add  2  minutes;  for  a  leap  year,  and 
before  March  1,  add  3  minntes;  and  for  the  remainder  of  the 
year  subti'oct  1  minute. 
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It  will  be  noticed  that  Ibere  occur  two  eastern  elongationB 
on  Jan.  9,  and  two  western  elongations  on  Jnly  9. 


LU. 

1887. 

1888. 

1888. 

18M. 

1881. 

isoa. 

1898. 

1804. 

1806. 

+  26' 

1°25.T 

1°26.8 

l'>26.0' 

1»24.6' 

l»24.8 

1»28.0' 

I'^.O' 

l''28.2' 

1022.9' 

20 

26.4 

28.0 

26.7 

26.3 

26.0 

24.6 

24.3 

28.9 

23.6 

27 

27.1 

26.6 

26.4 

aeo 

26.7 

26.4 

25.1 

24.7 

24.8 

28 

27.9 

27:6 

27  Ji 

26.8 

26.6 

26.2 

26.8 

2G.4 

26.1 

28 

2B.8 

28.4 

26.0 

27.6 

27.3 

27.0 

26.0 

20.8 

26.8 

80 

28.6 

29.8 

28.9 

2B.6 

28.2 

27.8 

27.6 

27.1 

26.8 

31 

30.6 

S0.2 

29.3 

28.4 

29.1 

28.3 

2B.4 

28.0 

27.6 

32 

31.6 

31.2 

30.8 

30.4 

30.1 

80.7 

29.3 

29.0 

28.6 

S3 

32.0 

325 

31.8 

31.4 

31.1 

30.T 

30.3 

80.0 

29.6 

34 

33.6 

33.3 

32.8 

32,6 

32.1 

31.8 

31.4 

31.0 

80.6 

36 

34.8 

34,4 

34.0 

33.6 

33.2 

82.0 

32.6 

32.1 

81.7 

se 

30.0 

36.6 

36.2 

34.0 

34.4 

34.0 

83.0 

83.2 

32.9 

37 

37.2 

86.B 

36.4 

36.0 

86.6 

85.2 

84.8 

34.6 

34.1 

38 

38,6 

38.1 

37.7 

37.3 

36.9 

36.6 

36.1 

36.7 

35.3 

39 

89.9 

88.5 

88.1 

38.7 

38.8 

87.0 

37.6 

37.1 

86.7 

40 

41.4 

41.0 

40.6 

40.1 

89.7 

88.3 

38.8 

36.6 

88.1 

41 

42.0 

42.6 

42.0 

41.6 

41.2 

40,8 

40.4 

40.0 

38.6 

42 

44.6 

44.1 

43.6 

43.2 

42.8 

42.4 

42.0 

41.6 

41.1 

43 

46.1 

45.7 

45.3 

44.9 

44.4 

44.0 

43.6 

43.2 

42.7 

44 

47.8 

47.6 

47.1 

46.6 

46J 

46.B 

45.3 

44.8 

44.4 

45 

40.8 

48.4 

48.8 

48.5 

48.1 

47.6 

47.1 

48.7 

46.2 

46 

61.8 

61.3 

60.9 

50.4 

50.0 

40.5 

48.0 

48.6 

4^2 

47 

63.B 

63.4 

62.9 

62.6 

62,0 

61.6 

61.0 

60.6 

60.2 

48 

66.0 

55.6 

55.1 
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252.  To  EitabUsh  a  Trna  Meridian  vifli  a  Tnuuit.*  See 
that  the  ioatrument  ie  in  good  adjuetment.  Allow  sufflcient 
time  before  an  elongation  of  the  star  to  "  act  up  "  the  transit 
Id  a  desirable  positioD-t  See  that  it  is  planted  firmly,  levelled 
careflilly,  and  that  the  croas-wirea  are  illaminated  %  and  prop- 
erly focused.  For  Convenience,  set  the  vernier  at  zero,  and 
unclamp  the  lower  plate. 

Observe  the  atar  a  few  minutes  before  its  elongation,  and 
keep  the  vertical  wire  on  it  by  clamping  the  lower  plate  and 
using  the  slow-motion  acrewa  attached  to  it.  When  it  has 
attained  its  greatest  elongation,  it  will  appear  for  a  few  Tnoments 
to  coincide  with  the  vertical  wire,  and  then  retrograde.  Un- 
clamp the  vernier  plate,  and  tarn  off  with  it  the  amount  of  the 
azimuth  §  correaponding  to  the  time  and  place  as  ^ven  in  the 
table  of  the  preceding  article.  The  teleacope  will  then  point 
in  the  direction  of  the  true  meridian,  and  a  mark  should  l>e  aet 
at  as  long  range  as  practicable.  If  preferred,  a  stake  may  be 
set  in  line  of  sight  at  elongation,  leaving  the  turning  off  of 
azimuth,  and  setting  mark  in  meridian  until  the  next  day.  It 
would  be  a  little  more  accurate  to  take  the  mean  of  several 
observations  —  direct  and  reverse  —  at  eaetem  and  western. 
elongations. 

*  S«e  Solsr  Atuu:hment,  Chapter  II.  Section  L ;  alio  Solar  Compau, 
Chapter  VI. 

t  Tweotj  to  thirty  minDtea  niiuJlj,  depending  upon  the  obierrer. 

t  Perforated  lilTered  reflectors,  for  this  pnrpoie,  can  be  obtained  of 
inBtrumeDt  maker*.  Or,  coTer  with  while  paper  a  board  12  or  16  inches 
square,  niake  a  perforation  through  it  of  2  or  3  inchei'  diameter,  and  nail 
on  a  piece  of  board  to  hold  a  candle.  Tliis  reflector  ma;  be  attached  to 
a  staff,  that  it  can  elide  up  and  down,  and  adjusted  to  the  height  of  the 
telescope.  It  should  be  placed  about  a  foot  from  the  object-glass,  so  that 
the  reflection  from  the  paper  will  render  the  cross-wires  visible,  and  at 
snch  a  height  that  the  star  can  be  olMerred  Chroagh  the  openmg. 

S  The  meridian  will  lie  to  the  west  or  east  of  the  direction  of  the  tele- 
scope when  elongation  was  obserred,  according  at  the  elongation  was  east 
or  west.  The  azimnth  must  be  tamed  off  accordingly.  Since  the  direc- 
tion of  the  line  from  the  observer's  station  to  the  star  at  elongation  is 
known,  the  declination  majr  be  ascertained  even  before  the  meridian  ii. 
established. 
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253.  Thit  DiTMtion  of  tbft  Xaridiaa  may  be  found,  though 
leBs  accurately,  by  means  of  a  compaBs-sight  and  plumb-line. 

Take  a  smooth  plank  about  3  feet  in  length,  and  fix  it 
firmly  level,  and  nearly  east  and  west,  on  supports  about  2  feet 
high.  Attach  a  compass-Bight  to  a  board  6  or  8  inches  square. 
At  15  or  20  feet  north  of  the  plank  suspend  a  plumb-tine  by 
artificial  supports,  from  some  projecting  point  on  a  building  w 
at  the  end  of  a  staff  projecting  from  a  high  window. 

At  fifteen  or  twenty  minutes  before  the  time  of  elongation  of 
the  star  let  an  assistant  hold  a  light  in  such  position  that  the 
plumb-line  may  be  distinctly  seen  through  the  compass-Bight 
when  placed  on  the  plank.  Move  the  sight  until  the  plumb- 
line  covers  the  star.  Continue  to  keep  the  star  and  lino  in  that 
relative  position  until  the  star  begins  to  retr(^;rade.  The  direc- 
tion of  the  line  of  sight  then  corresponds  to  tiiat  observed  by 
the  traneit  as  indicated  in  the  preceding  article ;  and  applying 
the  azimuth  therein  directed,  the  meridian  may  be  set  out.* 

254.  To  Obtain  approximately  the  Meridian.  In  old  works 
on  surveying  it  is  stated  that  the  north  star  (Polaris)  is  very 
nearly  the  meridian  when  it  and  Alioth  t  are  in  the  same  vertical 
plane  or  line.  Others  add  the  time  that  must  elapse  after  one 
is  vertically  above  the  other  before  the  north  star  makes  its 
transit,  and  then  by  sighting  the  north  star  at  that  instant  the 
mt-'ridian  may  be  found. 

This  interval  is,  January,  1887,  nearly  half  an  hour.  Other 
stars  are  now  used,  being  more  suitable.  Zeta,  or  Mizar,  the 
star  next  to  Alioth  in  the  tail  of  the  Great  Bear,  comes  to  the 
meridian  now  almost  simultaneously  with  Polaris  and  at  a  con- 
venient time  in  the  autumn  and  early  winter  to  make  the  obser- 

*  If  possible,  a  night  ihonld  be  choien  when  there  is  no  wind.  The 
slightest  ilistnrbaDce  in  the  aircansei  cnniiderable  TlbTation  of  the  plnmb- 
line.  Using  a  heavj  "  bob,"  and  allowing  it  to  vibrate  in  a  vessel  of  water, 
will  tend  to  the  accorac;  of  the  renitt. 

t  Alioth,  or  Epiilon:  the  star  In  the  tail  of  the  Great  Bear  nearest  the 
quadrilateral. 


)v  Google 


220  FLANB  SUBVBTDIG. 

vatioD.  Delta  CasBiopeise,  which  U  oa  the  same  side  of  the 
pole  as  Polaris,  makes  its  transit  alBO  about  the  same  time  with 
it,  and  maj  be  used  in  the  spring  and  early  summer  when  it  is 
Dot  practicable  to  make  use  of  Zeta.  To  make  either  of  these 
observations,  use  a  transit,  or  a  plumb-line  and  compass-sight, 
as  explained  iu  the  preceding  articles;  watch  the  movements 
of  the  stars  nntil  the;  coincide  with  the  plmnb-line.  The 
direction  of  the  line  of  Bight  then  will  iudicate  qnite  closely  the 
meridian.* 

*  The  vertical  plftoe  including  Zeta  and  Polaru  U  ilowly  moving  east- 
ward at  about  the  rate  of  two  minutea  in  ibc  jean.  At  the  preaent  time 
(1687)  Polaria  i*  on  the  meridian  about  two  minutea  before  Zeta  of  the 
Great  Bear,  but  in  aii  years  their  respective  upper  and  lower  truuita  will 
coincide.  The  vertical  plane,  including  Delta  Caiaiopeis  and  Polaris,  ii 
moving  westward  at  about  the  same  rate.  Polaris  now  comes  to  the 
meridian  about  one  ainnte  before  this  star. 
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LATIHa  OUT  A5D  DIVIDOff  LAUD. 


SECTION  I. 
Latino  out  Land, 
a.  tbianolbs. 

255.    Tb  lay  otU  a  given  quantUy  of  land  in  the  form  of  a 
triangle  when  the  length  of  the  baae  ia  given. 

Denote  the  given  area  in  square  chaiDS  or  square  rods  b; 
A,*  the  length  of  the  base  (referred  to  the  same  unit)  b;  &, 
and  the  unknown  altitude  bj  x.     Then 
bx  iA  M  P'  P         K 

—  =:A,oTx  = Measure  the  base, 

2ft 

and  at  any  point  in  it  erect  a  perpen- 


Join  the  ex-    o 

tremitj  of  the  perpendicular  with  the  extremities  of  the  base, 
and  a  triangle  fblfllling  the  conditions  of  t^e  question  will  be 
exhibited. 

2S6.    When  the  area  ia  giveti  and  the  base  and  altitude  in  a 
given  ratio. 

*  Why  not  let  A  denote  the  nimiber  of  acrei  ? 

NoTx.  The  locua  of  tbe  Tcrticei  of  the  triaDgles  antwering  the  condltlonB 
ii  a  line  parallel  to  the  given  baae  and  at  a  distance  therefrom  =:  -—- 
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Designate,  as  before,  the  area  by  A,  the  base  and  altitude 
respectively  by  x  and  y,  and  -=  —  the  ratio ;  then 


Or,  let  mx  =  baae  and  nx  =  altitude ; 


» 

257.    Given 
(A  the  buse. 

area 

boM,  and  one  a^,  fo  mofte  a  ^*vem  an^jfe 

Denote  the  base  and  area  as  above ; 
-"     then,  since 

PS=  OP  sin  0, 

^     ~ 

\ 

and 

A  = 

bxOP  sin  0 
2 
2A 

o 

N 

it 

0P  = 

b&ia  0 
EXAMPLES. 

1.  Lay  out  an  isosceles  triangle  to  contain  6  acres,  making 
the  baae  |  the  altitude.     Locate  the  altitude  and  find  its  length. 

2.  Lay  out  a  right  triangle  containing  4  acres,  having  the 
base  I  the  altitude. 

3.  It  is  required  to  lay  oat  2  acres  in  the  form  of  a  triangle, 
the  base  to  be  7.50  chaias.  Find  the  length  of  a  side  of  this 
triangle  which  sliall  make  an  angle  of  40°  with  the  base. 
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2S&  To  lay  out  an  eguttaterai  triangle  to  contain  a  given  area. 
Let  3!  =3  tlie  Bide,  and  A  =  tbe  area ;  then,  since 

fVS^A, 


«=4 


V3 


'■\.438' 


259.   Oiven  the  area  and  tAe  (too  tides,  totay  otU  the  triangle. 
Denote  the  given  sides  b;  b  and  c,  the  area  by  A,  and  the 
ankoown  angle  by  a ;  then,  since 


be 

EXAMPLES. 
1.  Find  the  side  of  an  equilateral  triangle  containing  one 
acre. 

3.  What  is  the  altitude  of  the  triangle  in  Example  1  ?  How 
far  is  it  from  the  foot  of  the  perpendicular  to  the  centre  of  tbe 
figure?    How  far  from  either  angle  to  the  centre? 

3.  Lay  ont  a  triangle  containing  2  acres,  two  sides  to  be 
8  chains  and  6  chains.     What  must  be  the  inclnded  angle? 

B.    QTTADBILATBRALS. 
8<J[JARES. 

260.  To  la^  out  a  given  quantity  of  land  in  the  form  of  a 
square. 

Denote  the  required  area  in  square  chains  or  square  rods 
by  A,  and  one  of  the  sides  by  x;  then  a.'=  V5. 

Measure  a  distance  equal  to  the  ->/A ;  at  each  extremity  of 
thia  line  erect  a  perpendicular  of  the  same  length ;  connect  tbe 
extremities  of  tbe  perpendiculars ;  the  figure  will  be  a  square. 


)v  Google 


224  FLAUB   BUBTZTlHa. 

Rectamoles. 

261.  7b  lay  out  a  given  quantity  of  land  in  the  form  of  a  reo- 
tangle,  one  side  being  given. 

Denote,  as  before,  the  area  by  A,  the  given  side  b;  b,  and 
by  X  the  nnknown  side ;  then 


262.  Oiven  the  area,  and  the  length  to  the  breadth  in  a  given 
ratio. 

Denote  the  area  aa  above;  the  length  and  breadth  leBpeo- 
tively  by  x  and  y ;  m  and  n  their  ratio,  bo  that 


etts  =  A,  there  reeulta,  by  enhstitntion. 


Or,  let  mx  =  the  length,  and  nx  =  the  breadth ;  then 


263.    Oiven  the  area  and  the  sum  of  the  length  and  breadth. 
Denote  the  snm  of  the  sides  by^S';   the  other   notation  as 
above;  then 


and 
whence 
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264.  Qiven  the  area  and  ihe  difference  of  the  le)igth  and 
breadth. 

Denote  the  diflereuoe  of  the  Bides  by  d ;  the  other  aotation  a& 
before ;  then 

x  —  y=d; 


2 


1.  How  TDBBj  rodfl  in  each  side  of  a  square  lot  which  con- 
tfuns  1  acre?    How  many  chains?    How  man;  jardsP 

2.  Lay  out  6  acres  in  the  form  of  a  rectangle,  the  length  of 
one  side  to  be  10  chains.     Find  the  adjacent  side. 

3.  Find  the  sides  of  a  rectangle  wMch  shall  contain  15  acres, 
and  the  length  |  the  breadth. 

4.  It  is  required  to  lay  ont  a  rectangle  containing  12  acres, 
BO  that  ttie  sum  of  two  adjacent  sides  shall  equal  26  chains. 
What  muet  be  the  length  and  breadth  7 

5.  Find  the  sides  of  a  rectangle  which  shall  contain  640 
square  rods,  and  the  difference  of  whose  sides  is  10  rods. 

Parallelogbahs  . 
265-  To  lay  out  a  given  quantity  of  land  in  the  form  of  a 
paraUelograim,  the  base  being  given. 

Denote  Uie  area  and  base,  as  above,  and  the  attitude  by  a; ;  then 


From  any  point  in  the  base  erect  a  perpendicular  equal  to 
A+b,  and  through  the  extremity  of  the  perpendicular  nin  a  line 
parallel  aJid  equal  to  the  base :  a  pardlelogram  will  thus  be 
formed,  fulfilling  the  conditions  of  tiie  question. 
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266.   Given  the  area,  one  aide,  and  ai^aoent  angle. 
Denote  the  area  by  A,  the  baee  by  b,  the  giveo  angle  by  a, 
P ^   and  by  x  the  side  adjacent ;  then 


Torn  off  at  L  and  ^,  the  given  angle,  measure  the  dia- 
tancee  LP  and  NM,  equal  x,  and  connect  3f  and  P  tor  the  de- 
aired  figure. 

367.  Given  tlie  area  and  two  ai^jacetU  sides,  to  find  the  induded 
angle. 

Denote  tbe  Bides  by  b  and  c,  their  included  angle  by  a,  and 

the  area  as  above ;  Hien 

&c  sin  a  =  ^ ; 

A 
whence  8ina  =  — ■ 

DC 

QuERiEe.  What  Till  tbe  figure  become  when  be  =  A? 
When6  =  c?  May  the  prodnct  of  &c  be  leas  than  ^  ?  Can  an 
ezpreeeioQ  for  the  sine  be  obtaiued  for  each  case? 

EXAMPLES. 

1.  It  is  reqnired  to  lay  oat  a  parallelogram  to  contain  200 
square  rods,  having  a  base  of  20  rods.  What  must  be  the 
altitude  ? 

2.  If  in  Example  1  it  is  required  that  the  perpeniUcular  shall 
be  erected  at  the  middle  of  the  base, 
and  terminate  at  the  angle  P,  ae 
per  figure,  what  length  must  be 
given  LP,  and  what  the  magnitude 
of  the  angle  L  ? 

3.  It  is  required  to  lay  out  a  parailelogram  to  contain  48 
square  chains,  one  side  to  be  8  chains,  and  the  adjacent  an^e 
70°.     What  must  be  the  length  of  the  adjacent  side? 
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4.  It  IB  required  to  lay  out  a  par&Uelogram  to  contain  2.4 
acres,  the  base  and  adjacent  aide  to  be  respectlTely  6  and  5 
chains.    Determine  the  altitude  and  tell  bow  to  lay  out  the  land. 

5.  It  is  required  to  lay  out  a  rhombus  to  contain  32  square 
chains,  each  ride  to  be  6  chains.  Compnte  the  allitade,  and 
state  how  to  set  out  the  tract ;  that  is,  to  establish  eveiy  comer. 

O.  POLYOONS. 

268.  To  lay  out  a  given  quatitUy  of  land  in  the  form  of  a 
regiUar  polygon  of  any  number  of  aides. 

Denote  the  area  by  A,   the  number  of  the  sides  t^  n, 
and  the  length  of  one  of  the  sides,  as  PN"  in  the   p 
fl^re,  by  x.  and  ON,  the  radius  of  the  circum- 
scribed circle,  by  y ;  then 

nxOLxLN=A. 

But  the  angle  i02f=^,Oi=|oot  ^, 
and  ■^-^  =  1- 


Whence 


and  y  = 757™  =  -  cosec  - 


To  lay  out  the  tract,  find  by  the  above  formula  the  length  of  one 
side,  as  LN,  and  stake  it  out.  Then  with  an  instrument  for  meas- 
uring angles  (transit)  set  up  at  one  end,  as  N,  sight  L,  plunge 

the  telescope,  deflect to  M.    Measure  NM=  NL.    Remove 

the  iDstmment  to  M^  deflect  A-om  the  prolongation  of  MN,  as 
befoi-e, ,  measure  MP,  and  so  continne  around,  locating  PQ, 


)v  Google 


228  PLANS   SUBTETINa. 

aad  finally  retuming  to  L.    The  figura  will  be  the  polygon 
/  required. 

In  a  small  polygon,  if  the  centre 
is  fixed,  it  irill  be  better  to  set  up 
on  it  and  measnre  therefrom  a  dis- 
tance y  to  N,  torn  off  an  angle  (tiie 

)'R  instrument  still  at  the  centre)  = , 

and  measure  the  same  distance  to  M, 
again  burning  off  an  angle  equal  to 
the  last,  measnre  the  same  distance 
to  P,  and  so  on.  A  stake  planted  at  each  extremity  of  the 
radial  lines  vill  indicate  &e  angular  points  of  the  tract.* 

EXAMPLES. 

1.  Show  how  to  lay  ont  1210  square  yards  in  the  form  of  an 
octagon.     The  same  for  a  pentagon ;  decagon. 

2.  Show  how  by  Article  57  the  length  of  a  side  of  a  polygon 
of  a  given  area  and  any  number  of  sides,  within  the  limitB  of 
the  table,  may  be  found. 


ANI} 

ClBCI-ES. 

269-  To  lay  out  a  given  guantU^  of  land  in  the  form  of  a 
Denote  the  area  by  A,  and  the  radius  by  x;   then,  since 


*  A  imall  lot,  wbcD  great  accorac]'  li  not  required,  ta^y  be  laid  out 
hy  fHl«idng  one  end  of  a  tape  at  0,  and  witli  a  length  ON  mark  oat  a 
circtimfereiice  bj  meini  of  a  pin.  Then,  beginning  at  anj  point  in  the 
circnmference,  meuore  off  the  distance  x,  and  contiune  round  the  cmre. 
driving  a  f  talce  at  the  extremity  of  each  dde. 
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WheD  great  sccnrac;  is  not  required,  and  small  drcles  gener- 
ally may  be  laid  out  by  fastening  one  end  of  a  tape  at  tlie 
centre,  and  with  a  common  marking-pin  held  firmly  and  perpen- 
dicutarl;  along  it  at  z  distance,  deacribe  and  mark  oat  the 
oircumf erence  ■ 

270.  Or,  fix  the  extremities  of  two  dtametera  run  ont  per- 
pendicular to  each  other,  connect  these  with  chords,  and  the 
yeraed  sine  of  45°  to  the  known  radios  will  give  at  once  the 
perpendicular  distance  from  the  centre  of  each  chord  to  the  cir- 
cnmferenee.  If  necessary,  the  points  thna  located  may  be 
connected  and  others  found  in  a  simUar  manner.  Or  the  per- 
pendicular distance  from  any  given  point  in  a  chord,  of  known 
length,  to  the  circumference  may  be  found  bj  simple  geomet- 
rical tmths  deduced  from  the  right  triangle. 

271.  If  the  circle  Is  too  large  to  be  laid  out  as  above,  it  may 
be  accomplished  by  means  of  deflec- 
tion angles  as  follows:  With  the 
known  radius  find  the  angle  at  the 
centre  C,  which  is  subtended  by  a 
chord  OM  of  any  length,  say  100 
feet ;  then  witb  the  inetrument  at  M, 
deSect  from  the  tangent  ML  to  0  an 
angle  ZJlfO  =  one -half  the  central 
angle  OCM,  and  measure  the  distance 
M0=  100  feet.  0  is  a  point  in  the 
cm^e.*  Again  deflect  an  angle  O^P  =  one-half  the  central 
angle,  and  measure  OPs=  100  feet  to  locate  P,  another  point  in 
carve,*  and  so  on  to  locate  the  others.  If  there  ia  a  f^^ctional 
part  of  the  deflection  angle  at  the  closing  point,  the  correspond- 
ing fractional  part  of  100  feet  may  be  used. 

*  The  angle  formed  b;  the  tangent  uid  chord  dnwn  to  the  point  of 
contact  ]>  meaaured  bj  □ne.ha^  the  intercepted  arc.    An  inicribed  angle 


)v  Google 


FLANS  SDBTBnNG. 


Ellipses. 

272.  To  lay  out  a  given  quantity  of  land  in  the  form  of  dn 
ellipse,  the  greater  and  leaser  diameters  tobsina  given  ratio. 

Denote  the  area  by  A,  the  greater  and  lees  diameter  (axes) 
respectively  by  mx  and  nx,  in  which  m  and  n  express  the  given 
ratio;  then 


and 


1  and  one  of  the  diameters,  to  find  the 


273.    Given  the  c 
other  diameter. 
Denote  the  given  diameter  by  d,  the  unknown  by  x 
area  as  before ;  then,  since 


C  p 


^^dx=A, 


An  ellipse  of  small  size  may  be  laid 
out  as  follows : 

Measure  AB  equal  to  the  greater  iBameter  (transverse  axis) , 
and  from  the  centre  0  lay  off  0F=  OF',  each  equal  to  the 
square  root  of  the  difference  of  the  squares  of  the  semi- 
diameters  OA,  OC.  Fix  the  ends  of  a  steel  wire  or  ribbon  of 
Uie  length  AB  at  F  and  F',  and  with  a  continuous  motion  of  a 
marking-pin  P,  held  perpendicularly,  keeping  the  wire  taut,  the 
required  curve  will  be  traced. 

*  See  snj  work  on  General  Geometry  i^  Conk  Section*  for  the  ana  of 
an  eltipie. 
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Oi,  haTing  found  the  axis  ae  above,  P  being  any  point  in 
the  cuire,  and  PR  perpendicular  to  AB  at  S,  by  setting  off 
any  number  of  points  on  AB,  we  ma;  find  from  the  proportioD 

'P£t:RBy<.AR=OC*:a^, 
the  corresponding  values  of  PB, 


1.  Find  the  radiuB  of  a  circle  containing  1  acre. 

2.  Find  the  radius  of  a  sector  containing  20  square  rods, 
the  angle  at  the  centre  being  72°. 

3.  The  area  of  an  ellipse  is  1  acre,  its  diameters  in  the 
ratio  of  3  :  2  ;  find  their  length. 

4.  An  ellipse  contains  SO  square  rods,  its  greater  diam- 
eter 12  rods ;  find  the  lesser  diameter. 

5.  The  greater  diameter  of  an  elliptical  plot  of  ground  en- 
closed by  a  wall  1  foot  thick  is  240  links,  and  the  lesser  ICO 
links,  inside  measurements.  What  is  the  area  of  the  plot,  and 
how  much  land  is  occupied  by  the  wall? 

274.  Let  it  be  required  to  lay  out  a  circle  circumscribing  a 
triangle,  the  aides  of  which  are  ui,  u,  and  p. 

Let  0  be  the  centre  of  the  circle, 
R  the  radius,  OL  a  perpendicular  to 
MN,  p  =  MN,  and  the  other  sides  as  in- 
dicated in  the  figure. 

Now    NL=^,imd&ag\eNOL=P. 
.•.£=JisinP, 


~  sin  P      2  Bill  P 
To  find  an  expression  for  R  in  terms  of  the  three  sides,  sub- 
stitute for  sin  P  its  value 
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m)aa-«)(i«-p). 


*Vij(4«-m)(i«-n)(i«-p) 
in  which  v  represents  the  sum  of  the  sides  of  the  tri&tigle. 

ADDITIONAL  EXAMPLES. 

1.  Cireumscribe  a  cirxjle  about  a  triangle  the  sidea  of  irbich 
are  10,  15,  and  20  chains. 

2.  Find  an  expression  for  the  radius  with  which  to  inscribe 
a  circle  in  a  triangle  the  sides  of  which  are  m,  n,  andj>. 

Am.  Twice  the  area  of  the  triangle,  divided  by  the  som  of 
the  sides. 

3.  Describe  a  circle  in  a  triangle  the  sides  of  which  are 
80,  40,  and  50  rods. 

5.  A  circular  walk,  6  feet  wide,  is  to  be  made  inside  of  a 
square  which  contains  ^  an  acre ;  required  the  area  of  the  walk. 

5.  The  area  of  a  square  is  1  acre,  and  a  circular  walk  ia 
required  to  be  made  in  it,  touching  each  side  at  a  point,  of  such 
a  widtli  that  it  will  take  up  ^  the  area  of  the  square.  Find  the 
width  of  the  walk  and  the  length  of  its  centre  line. 

6.  The  area  of  a  circular  sector  of  cT  is  m  rods ;  find  an 
expression  for  the  radius.     If  d  =  60  and  m  =  SOO,  find  S. 


SECTION  II. 

DiTiDiKQ  Land. 

A.    TBIANaLBS. 

275.    7^  divide  a  given  triangle  into  tvxi  parts  in  the  ratio  of 
tmnbga  line  paraUd  to  one  tide. 
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To  solve  the  problem  folly,  and  furnish  a  check  on  the  work, 
requires  the  locatdoD  of  the  point  0  or  R,  and  the  length  of 
OS.    Denote  OR  by  x,  OP  by  y,  and  by  p  and  k  the  sides  respec- 
tively opposite  the  angles  P  and  K;  then 
j^i^  =  m  +  n:m, 


Again, 
whence  .  _  „  _, 

If  the  biangle  is  to  be  equally  divided,  thea  m  =  n,  and  there 
results 

a'=|V2,     and    y=2V2. 

QcERiEa.   Is  it  necessary  that  LK  be  known  to  find  either 
J'O  or  PS1    Must  LKhe  given  to  find  OR? 


1.  Find  a  general  expression  for  the  distance  ijf '^last  figure) . 

2.  Show  how  to  divide  the  triangle  LKP  into  four  equiva- 
lent parts  by  lines  parallel  to  the  base. 

276.    7b  divide  a  given  triangle  into  tioo  parts  in  the  ratio 
«/  m;  n  6y  a  line  from  a  vertex  to  the  opposite  side. 

Let  PO  be  the  line,  x  =  LO,  and  p  as  above.     Then,  since  tri- 
sngles  having  the  same  altitude  are  to  each 
other  as  their  bases,  we  have 

j) :  a;  d  m  +  n  :  n ; 

whence  x  =  -J^ — ■ 

in-l-n  X         u  K 

EXAMPLES. 
1.   Locate  0  on  the  supposition  that  the  triangle  is  to  be 
divided  into  two  equivalent  parts. 
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2.  Find  where  the  lines  from  P  wQl  meet  the  base  diTidiog 
the  triangle  into  three  equivalent  parts. 

3.  The  same  for  an;  number  n  parte. 

277.   To  divide  a  given  triangle  into  two  parts  in  the  r<aio  of 
m:nby  a  line  through  a  given  point  in  one  of  the  aides. 

Deuotiog  PL  by  x,  and  the  other  eides  in 
the  QBual  manner,  vb  have 

m  +n:m  =  ko:px; 
mko 


_       ..        .,      —I.  whence     x  =  - 

p{tn  +  n) 

If  the  parts  are  to  be  equivalent,  m  =  )t,  and  there  results 

X—  — 

~2p 
EXAMPLE. 
Show  how  the  given  triangle  LKO  may  be  i^vided  into  three 
equivalent  parts  by  lines  radiating  from  a  given  point  S. 

Note.   The  line*  maj  or  may  not  fftll  on  the  tusie  side.    Examine  botii 

27&  The  same  conditions  as  in  the  last  case,  except  the  tii- 
angle  is  to  be  isosceles. 

Using  the  same  notation  and  figure  as  in  that  case,  we  have 
the  following  equality  of  ratios : 

m  +  n:m==ko:i?; 

whence  <''  =  \i 

Xm  +  n 

If  the  parts  are  to  be  equivalent,  m  =  n,  and  we  have 


Show  how  to  cut  off  a  given  area,  in  the  form  of  an  isosceles 
triangle,  from  the  corner  of  a  field,  only  the  angle  being  given. 
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379.  The  beariuga  of  two  sides  of  afield  being  given,  to  cut  off 
a  triangle  having  a  given  area  by  a  line  mrming  in  a  given  direc- 
tion and  intersecting  the  given  aides. 

a.  Suppose  the  division  line  is  to  make  a  right  angle  with 
either  side.  Let  LO  and  LQ  be 
the  aides,  the  beariuga  of  which  are 
knowD,  and  PR  the  division  line  per- 
pendicular to  LQ.  The  angle  L  be- 
comes known  through  the  bearings  of 
the  sides  which  indude  it,  and  there 
follows 

j>  tan  i  =  PS  =  ?. 

Bat  ipl  =  area  =  A ; 

hence  ^p*  tan  L  =  A, 

and 


P  =  \ia^ 


tanX 

ii.  Suppose  tbe  angle  at  B  is  oblique.  Denote  LR  by  x,  and 
LP  by  y,  and  find  from  the  bearings  the  angles  at  P  and  B. 
Then  from  the  two  equations, 

^xg  BmL=  A 


and 


sinii 


=Vi 


AsinP 
isinB 


Query.   Is  it  necessary  that  the  bearings  of  LO  and  LQ  be 
given  if  the  field  lb  triangular  and  the  length  of  the  sides  given  ? 

EXAMPLES. 

1.   The  bearing  of  LO  (last  figure)  is  N.  60°  E.,  and  LQ 

S.  82°  E.    It  is  required  to  find  the  lengths  of  LR  and  PR 

perpendicular  thereto,  so  that  3  acres  may  be  contained  in  the 

triangle  PLR. 
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2.  Suppose  LO  =  10,  LQ  =  8,  and  QQ  =  6  chaiiui.  I^d 
the  positioD  and  length  of  the  diTisiou  line  PB,  which,  with  aa 
an^e  PRL  <=  84°,  will  cut  off  a  triangle  PBL  containing  2.5 
acres. 

S.  Show  that  if  three  lines  be  drawn  connecting  the  middle 
points  of  the  three  aides  of  a  triangle,  the  four  triangles  liius 
formed  will  be  equal. 

2B0l  To  divide  in  a  given  ratio  a  given  triangle  by  a  line  patt- 
ing through  a  given  point  Kitkin  it. 

Let  OQR  represent  the  given  triangle,  and  P  the  point  with- 
in ;  DL  the  required  division  line, 
and  DBL :  LDOQ  s  m :  n. 

The  point  P  may  be  looated  by  co- 
ordinates as  PFand  PE,  lines  parallel 
respectively  to  OB  and  QB ;  or  by  its 
bearing  and  distance  from  one  of  the 
comers,  as  i2 ;  or  by  perpendicular 
distances  PF",  P£?  from  the  sidea. 
The  distances  PF  and  PE  may  be 
calculated  if  the  direction  and  distance  PB  be  known.  Denote 
PF  by  d,  PE  by  6,  DB  by  a;,  and  ^L  by  ff ;  then 

!E ; y  =  d : y  —  6,        ot  xy  =  bx-\-dy; 
and  vsiqo  =  m:m-{-n,  or  xy 


mqo 


Or,  substituting  the  value  of  y= — ^^-r—IVom  equation  above, 
(m+n)a! 
we  obtain 

bx-\-     ^"^°     =  "^°  ; 
^  {m  +  n)x      m  +  n' 

whence,  by  reducing  and  completing  the  square,  there  results 

_  wgo  ±  VtoVo*  —  4:bdmqo{m  +  n) 

26(m+«) 
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2bmqo 

mqo  ±  ^m.'q'o*  - 4 bdmqo{m  +  n) 

If  the  qaestioQ  were  to  cut  off  from  a  corner  of  a  tract  of  land 
a  given  area,  bj  a  line  passing  through  a  given  point  within, 
we  might  proceed  more  simply,  aa  follows  : 

Denote  the  area  to  be  cat  off  by  A,  and  the  other  notation 
aa  above ;  then 

and  x:y  =  d:i/  —  b; 

whence  tfiere  resnlte 


_  ^  ±  -^A*  -  2  Abd  ain  R 

b&iu  B 
2^46 


A±^/A*-2Abd&\aIt 

In  each  of  the  two  precediog  problems  there  are  in  general 
two  division  lines,  as  indicated  by  the  double  sign,  fulfilling  the 
conditiona  of  the  question.  The  student  will  point  out  when, 
if  ever,  one  of  these  results  will  not  practically  answer  the  first 
case.  Would  either  result  answer  practically  the  second  P 
When,  if  ever,  wonld  the  result  be  imaginary?     Why? 

If  P  were  located  by  its  distance  PR,  and  the  angle  PRL  or 
PRD,  the  lines  PF  and  PE  could  be  calculated,  as  before  re- 
marked, and  the  solution  above  given  made  applicable ;  or  we 
may  proceed  as  follows : 

Denote  PR  by  d,  d  ain  PBD  by  6,  d  sin  PRL  by  c,  and  the 
other  notation  as  above ;  then 

xyA\aDSL=2A, 
6ar  +  cy  =  2j4. 

Substituting  the  value  of  j/  from  the  first  equation  in  the 
second,  and  reducing,  there  results, 
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2cA 
6  Bin  A 


b  Bin  B_\ 

2Ab 

~  A  Bin  It  ±  -y/A'  Bin» «  -  2  6c4  sin  JJ 


1.  Giren  the  three  BideB  of  &  triangular  tract  of  land  (see 
laatfignre),  QB=  17,  0Q=1B,  and  OB  =  22  chains,  to  divide 
it  into  two  equivalent  parts  by  a  line  passing  through  a  point  P, 
within  the  field.  PF  and  P£  =  respectively  4  and  9.50 
chains.  The  location  and  length  of  the  division  lioe  are  re- 
quired. 


2.  It  is  required  to  cut  off  from  the  angle  0,  which  is  60°,  a 
triangular  field  to  contain  10  acres,  by  a  line  DL  passing  through 
a  point  P.  The  distances  PF  and  PE  being  4  and  12  chains 
respectively,  the  location  and  length  of  the  division  line  are 
required. 

3.  Given  the  angle  OBQ  =  bB''  (see  last  figure  but  one), 
PRL  =  20°,  and  PB  =  12  chains.     It  is  required  to  cut  off  a 
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triangle  DRL,  oontaitiing  8  acres,  by  a  line  DL  passing  tbrougti 
the  point  P.  The  location  and  length  of  the  division  line  are 
required. 

4.  Divide  a  triangular  piece  of  land  into  three  equal  parts 
b;  lines  radiating  from  a  point  within. 

SuooESTioN.  The  locus  of  the  vertices  of  all  triangles  havii^ 
the  base  L2f  and  one-tbird  the  area  „ 

of  hMS  is  a  line  parallel  to  LS  and 
at  \  the  height  P'M.     Similarly  for 
any  other  side.     Find  point  of  inter-     /~ 
section.  '' 

5.  Apply  the  principle  employed  in  Example  4  to  divide  a 
triangle  into  three  parts,  in  the  ratio  of  1,  2,  and  3,  bylines 
radiating  from  a  point  within. 

6.  Given  two  sides  of  a  triangle  G  and  8  chaiuB ;  it  is  required 
to  looal£  a  division  line  which  shall  cut  off  from  the  vertex  an 
isosceles  triangle  whose  area  shall  be  to  the  aiea  of  the  given 
triangle  as  8  : 4. 

7.  Given  the  sides  of  a  triangle  8,  10,  and  12  chains ;  it  is 
required  to  divide  it  into  a  triangle  and  a  trapezium,  the  ratio 
of  the  former  to  the  latter  as  2  :  3,  by  a  line  extending  from  the 
middle  of  the  longest  side  to  some  point  on  the  medium  side. 

The  location  of  this  point  and  the  length  of  the  division  line 
are  required. 

8.  Divide  the  triangle  given  in  Example  7  into  three  equiva- 
lent parts  by  lines  radiating  from  the  middle  of  the  longest 
side.     Locate  the  extremities  of  the  division  lines. 

9.  An  angle  QOP  of  a  field  =  42°  30' ;  it  is  required  to  cut 
off  from  some  point  J),  in  the  line  OP,  by  a  line  DL,  making 
an  angle  LDO  =  78°  30',  a  triangle  containing  2  acres. 
Locate  the  division  line,  and  determine  its  length. 

10.  The  sides  of  a  triangle  are  16,  18,  and  24  chains;  it  is 
required  to  divide  it  into  two  parte  in  the  ratio  of  2 : 8  by  a 
line  perpendicular  to  the  longest  side.  Locate  the  division  line, 
and  determine  its  length. 
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281.    TV)  divide  a  given  triangle  in  a  given  ratio  by  a  line 
passing  through  a  given  point  without  it. 

Let  OBQ  represent  the  triangle,  P 
tbe  point  given  by  the  aiigle  POQ  and 
distance  OP,  DL  the  line  whidi 
shall  divide  the  triaDgle,  so  that 

ODL:DLRQ=m,  in. 
Denote  OP  by  6,  OL  by  x,  OD  by  y, 
the  angle  DOL  by  O,  the  angle  POD 


by  0>,  and  the  - 


-  part  of  the  area  by  A ;  then 


\xyAa  0=A; 
also  ^fey  sin  0'=  area  POD, 

and  \bx  sin  {0+(y)-=  area  POL. 

.-.  \bxs\a  {0+0)  -ifty  sin  0' =  A. 


(1) 
(2) 
(3) 
(4) 


Substituting  in  the  last  equation  the  value  of  y  taken  from 
(1)  and  reducing,  there  results, 

i     ■    ir\  ,  n<-.     2  ^6  Bin  0'      o  ^ 

&r8in{0+  O') ■ — -—  =  2A\ 

XBin  0 

.  2  Ax  2^8inO' 


6  sin  ( 0  +  0')     siu  0  sin  ( 0  +  0') 


fiBinCO+O") 


yam  Osii 


8in(0  +  0')     &'sin'(0+0') 

y  may  be  found  by  substituting  the  value  thus  obtained  for 
X,  and  thence  tbe  length  of  the  division  line  DL. 


Given,  in  the  triangle  OQR,  OR  =  18.40  chains,  EQ  =  10.20 
shains,  Q0=  20.60  chaiae,  OP  =*  9.50  chains,  and  the  angle 
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POQ  =  iS"  30',  to  divide  the  triangle  into  two  parte  ao  that 
OLD :  DLRQ  =  S :  4.  The  poaitioD  and  length  of  the  division 
Line  DL  are  required. 

b.  quadbilatbbals. 

Trapezoids. 

282.  CHven  the  parallel  sides  of  a  trapezoid  and  the  perpen- 
dicular ditlance  between  them,  to  divide  it  by  a  UneparaUel  to  these 
tides  into  tvjo  parts  having  a  ffiven  ratio. 

ft 


T     V 


(eJ 


Let  OPQR  (Fig.  c)  be  the  trapezoid,  the  aides  OP,  OQ, 
and  the  perpendicular  distance  QT  between  the  bases  being 
given.  It  ie  required  to  di>-ide  it  by  a  line  DL,  so  that 
OPLD :  DLRQ  =  m:n;  that  is,  practically  to  locate  and  de- 
termine the  length  of  the  division  line  DL. 

Denote  the  lower  base  by  b,  the  upper  base  by  6',  the  perpen- 
dicular distance  between  the  bases  by  h,  the  perpendicular  dis- 
tance between  the  upper  base  and  division  line  by  x,  the  length 
of  the  division  line  by  y,  and  the  area  OPQR  by  A.  Draw  QV 
parallel  to  RP;  then  the  similar  triangles  give 
OV:DK=qT:QF. 
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Or,  OP-  QIt:DL-QB=  QT:  QF. 

Or,  BubetitDting  proper  values, 

b  —  b':y  —  b'  =  h:x; 
whence  a,  =  fc^.  (i) 

But  the  area  of  DLQR  ={y  +  *')■-=  ~-^^- 

RepresentiDg  for  conveaience  the  right-hand  member  of  the 
last  equation  by  A',  we  may  write 

!;^  +  b'x=2A', 

and  y  =  ^-b'.  (2) 

Substituting  the  value  of  x  from  (1)  in  (2)  and  reducing, 
there  results 


=>F¥ 


Restoring  the  value  of  A\  we  obtain, 

\  A  (to  +  n) 

-  b'h  ±-J— ^— 2 ^(6 -6')+  6"A' 


The  student  may  indicate  how  he  would  trace  out  on  the  field 
the  division  line  thus  found. 

283.  If  instead  of  the  perpendicular  distance  there  be  given 
one  of  the  sloping  sides,  as  OQ  {Fig.  c) . 

Denote  OQ  by  d,  OD  by  x,  find  the  other  notation  as  above. 
Prodace  tiie  aides  until  they  meet  in  some  point  £ ;  then 
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and 

whence 

B;  divieioD 
inserting  values « 

whence 
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DLE:qRE  =  f:h'*; 
OPQE:QRE  =  b*-b'*:b'*, 
DLQB:QBE  =  ^~h-*:b'*; 
OPQB :  DLQR  =  6'  -  ft"  =  j^  -  b'K 
OPLD:DLQR=l>'-y'iy*-b'*; 
m:n  =  V-y':y'-b'*i 


jVn  +  b 


6"m 


The  similsi  triangles  OVQ  and  QDiTgive 
b~b':y  —  b'  =  d:d  —  x. 
_d(b-^. 


In  Fignre  d,  the  unknown  sides  are  symmetrical  with  respect 
to  a  line  joining  the  centres  of  the  parallel  sides ;  in  Figure  e, 
PR  is  perpendicnlar  to  the  parallel  sides.  The  student  will 
show  what  modification,  if  any,  may  be  made  in  the  formulas 
of  the  two  preceding  oases  for  either  of  these. 


1.  Given  OP=20  chains,  Qi?=  15  chains,  QT=  18  ch^DS, 
to  find  the  length  of  the  division  line  DL,  so  that  QBLD  shall 
contain  two-thirds  as  much  land  as  OPLD. 

2.  Id  Figure  d,  whose  sides  are  equally  inclined  to  the  bases, 
OP  =24.  chains,  QR=  IGchains,  and  the  perpendicular  distance 
QT^iO  chains;  it  is  reqniredto  locate  the  extremities  of  the 
division  line  DL,  and  determine  its  length,  so  that  it  shall, 
divide  the  tract  into  two  equivalent  parts. 
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8.  In  Figure e,  suppose  QR :  OP:PH=&  : 4 :  5,  and  that  tbe 
area=  1750  rode ;  locate  and  find  tlie  length  of  the  division  line 
DL  that  Bhall  divide  the  tract,  making  OPLD :  QSLD  =iii. 

284.  To  divide  a  givm  trapezoid  itito  two  parU  havmg  a 
given  ratio,  by  a  line  intersecting  the  parallel  tides. 

Let  OPQB  represent  the  trapezoid,  and  let  it  be  reqaired  to 
divide  it  into  two  equal  parts.  It  is 
evident  if  ttie  baaes  be  bisected,  and 
a  line,  aa  DL,  be  drawn  connecting  the 
points  of  division,  it  will  be  the  division 
line  required. 

O    i^'      L  P         Similarly,  if  the  ratio  ism:  n;  denote 

OP  by  6,  and  SQ  by  6' ;  then  take  OL  =  ~^^^,  RD  =-S^, 
and  join  DL  for  the  line  required.  »»  +  »  m  +  » 

The  student  will  give  the  reason. 

If  the  division  line  is  to  pass  through  a  given  point  D',  ob- 
tain DL  as  above  directed,  Qien  measure  from  D  to  Z>',  and 
lay  off  this  distance  tiom  L  to  V.  Join  D'L'  for  the  division 
line  required.     Why? 

To  divide  a  trapezoid  by  &  line  perpendicular  to  the  baaea, 
or  parallel  to  one  of  the  non-parallel  sides,  divide  the  line  Join- 
ing the  middle  points  of  the  non-parallel  sides  into  two  parts  in 
the  given  ratio,  and  through  the  point  of  division  run  the  re- 
quired line.  If  m :  n  is  the  ratio,  and  the  bases  b  and  b',  the 
distance  TiT  in  the  last  flgnre  =  Vlik±^. 
The  student  will  give  the  reason. 


1.  Divide  a  given  trapezoid  into  three  equivalent  parts  by 
lines  intersecting  the  parallel  sides. 

2.  Divide  a  given  trapezoid  into  three  parts  in  the  ratio  of 
iR :  n  :p,  by  lines  intersecting  the  parallel  sides. 
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3.  The  bases  of  &  trapezoid  are,  OP  =20  chains,  and  Qil  => 
15  cbainB.  It  ia  required  to  divide  it  into  two  parte  in  the  ratio 
of  2 :  3.     OL'  a  8.50  chains ;  locate  D'. 

4.  Show  that  I,  being  the  centre  of  the  4ine  connectiDg  the 
middle  of  the  bases  of  a  trapezoid,  is  the  point  through  which, 
if  any  straight  line  be  drawn  meeting  the  parallel  sides,  it  will 
divide  the  trapezoid  into  two  equivalent  parts. 

285.  Oiven  one  aide  and  the  adjacent  angles  of  a  tract  of  land, 
to  cut  off  a  trapezoid  of  a  given  area  by  a  line  parallel  to  iKe 
given  ride. 

Let  PO  be  the  given  base,  P  and  0  the  known  angles  indi- 
catJDg  tbe  direction  of  the 
aides  PQ  and  OR.    Denote 
the  area  OPLD,  to  be  cnt  _,.^ 

off  by  A;    the  given   side 
OP  by  »,  PD  by  y,  OL  by    ''"^--.„_ 
X,  DL  by  »,  and  suppose  "^ 

(O  +  P)<180°. 

Prodaoe  OB  and  PQ  until  they  meet  in  V. 

Then  area  OPV-  vk&LDV='A; 

8*  sin  0  sin  P     z"  sin  0  sin  P 

S^ ^r— 


'  sin  O  sin  P 

When  (0  +  P)  >  180°,  the  produced  lines  meet  in  a  point  on 
the  other  side  of  OP,  the  sin  {O  +  P)  is  also  negative,  and 
therefore  the  fraction  under  the  radical  becomes  positive. 
Draw  2,  r  parallel  to  FP;  then  in  the  triangle  iOT,  by  sine  pro- 
portion, sin  i  (=  Bin  F)  :  ail  T  {=  sin  P)  —  8  —  z ;  a: ; 
_  (8  -  z)  sin  P 


whence 


Similarly, 


siuF 
(8-z)sinQ 
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Reuabe.  When  great  accuracy  is  not  required,  and  espe- 
cially if  the  tract  is  small  and  the  aides  nearly  parallel,  aa 
approximate  perpendicular  distance  between  the  bases  OP  and 
DL  may  be  obtained  by  dividing  the  area  to  be  cut  off  by  the 
given  side  OP;  then  measure  tbe  perpendicular  and  a  line 
through  its  extremity  parallel  to  the  base  for  an  approximate 
division  line.  Calculate  the  area  thus  cut  off,  divide  the  differ- 
ence between  it  and  the  required  area  by  the  approximate  divis- 
ion line  for  a  new  perpendicular,  and  thence  obtain  more  nearly 
the  division  line  sought. 

EXAMPLES. 

1.  Deduce  an  expression  for  DL  by  another  method. 

2.  Show  by  other  metbods  bow  OZ  or  PD  may  be  determined. 

3.  Given  OP,  N.  16°  SO' W.,  8.40  chains;  PQ,  8.  62°  15' W; 
and  OR,  S.  82°  W.,  to  cut  off  a  trapezoid  containing  4  acres, 
by  a  line  DL  parallel  to  OP.  The  position  and  length  of  the 
division  line  are  required. 

4.  Given  a  side  of  a  tract  of  land  20  chains,  and  the  adja- 
cent angles  105°  and  130°,  to  cut  off  36  acres  by  a  line  parallel 
to  the  given  aide.  Beqaired  the  position  and  length  of  the 
division  line. 

Trapezichs. 

286.  Cfiven  the  area  of  a  trapezium,  one  of  its  sides  and  adja- 
cent angles,  to  diinde  U  by  a  line  parallel  to  the  given  side  into  ttix> 
parts  having  the  ratio  m :  n. 


Produce  the  sides  PQ  and  OB  to  meet  in  V. 
OZ  =  x,PD  =  y,DL=z. 
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Calculate  the  area  of 

OPV-  A'  -  '"  "°  0  Bin  -P. 
•2BiaF 

then  ^'-J=areai)Xr, 

and  the  fonnnla     ^^^^^^  =  2(A' -  A) 

\      eiii  0  sm  i* 

Having  fonnd  z,  x  and  ^  may  be  deduced  aa  in  the  foregoing 
case. 

^"^        Binr~' 

„„  (»-a)BinQ 
*  sinF 

Rexabe.  This  problem  may  be  Bolved  by  Article  265,  taking 
for  toe  given  area  to  be  cat  off  — ^- • 

EXAMPLE. 

The  boundaries  of  a  trapezium  are  as  follows : 

(1)  N.      2°E.     8.00  chains; 

(2)  N.  58^"  E.   13.85      " 

(3)  S.  Zll'  E.  U.HO       •' 

(4)  S.  Sai"  W.  20.00       " 

It  is  required  to  divide  it  into  two  equivalent  parte  by  a  line 
parallel  to  the  third  side.     Locate  it,  and  determine  ita  length. 

287.  GHven  the  bearings  of  three  adjaceni  sidea  of  a  tract  of 
land  and  the  length  of  the  middle  one,  to  cut  off  a  trapezium 
having  a  given  area,  by  a  line  running  in  a  given  direction. 
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Produce  the  ddee  FQ  and  OB  till  they  meet  at  V.    As 
before,  denote  OP  by  a,  OL  bj  x,  PD  by  y,  and  LD  by  *.    Ob- 
bun  the  Miglee  from  the  bearings,  calculate  tbe  area  of 
POV-  d'_**"nOBini'. 

and  find  area 


Whence  the  division  line  DL  =  x  may  be  found  from  the 


z" 

Bin  Z)  Bin 

i       ,, 

-^. 

2. in  7 

.     |2.i- 

il'(^-- 

A) 

\      Bio  Z)  sin  2/ 
By  the  sine  proportion 

Bin  K 

and  Fi  =  ^8i£^; 

Bin  r 

whence  VO^VL=LO  = 

and  „      a  sin  0  — « sin  L 


sainP—ZBinD 


'  BinF 

Rbmabk.   If  (,0  +  P)  >180%  ^'— J,  in  the  equation  for« 
will  become  A'  +  A,  and  in  the  formalas  for  x  and  y  the  signs 
in  the  numeratcH^  will  be  interehangecl,  or 
z  Bin  £•  —  s  sin  P 

X  =   ; — ) 

am  V 
.  z  Bin  X  —  a  sin  0 
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EXAMPLE. 

Given  iO,  S.  76"  E. ;  OP,  N.  8'  W.  12.40  chains ;  PD,  S.  72° 

"W. ;  it  is  required  to  cut  off  7  acres  by  a  line  beariDg  N.  23°  W. 

The  length  of  the  division  line  and  the  distances  OL  and  DP 

are  to  be  coinpnt«d. 

288-  Given  a  trape2iiim,io  divide  it  into  tuxi parti  1i(wing  a giwn 
ratio,  by  a  line  extending  fnm  a  given  point  in  one  of  the  aides. 

Let  OPQB  represent  the  trapezinm  Uie  area  of  irhicb  is  A, 
m  and  n  the  given  ratio.  Prolong  the  sides  PQ  and  OR  till 
they  meet  in  V.  Let  OR  =  v,  the  division  line  DL  =  z,  RL  the 
given  distance  to  the  point  L=  d,  and  QD  =  y.    Calculate  tba 

area  of  QAF=^',  and  add  it  to A,  thereby  obtaining 

areaof  OiF.  *""*""  ^ 

Find  by  the  sine  proportion  FB, 
and  add  it  to  RL,  thns  obtaining 

^-  .-  / 

Patting  VD  =  X,  and  Ft  =  6,     _  .--"'     / 


Ax  sin  V-- 


-i^ 


F<>.. 


A+A-\ 


Whence  a;  =  FO  may  be  found. 

Finally,  with  the  two  sides  FZ>  and  VL  and  the  inclnded 
angle  V,  compote  the  angle  L,  and  the  direotion  and  length  of 
the  division  line  DL ;  y  may  be  calculated  by  a  preceding  method 
to  oheck  the  woi^. 

EXAMPLES. 
1.  Given  in  a  trapezinm  MNOP  (no  figure)  : 
MN,  13.00  chains; 
NO,  7.80  " 
OP,  10.40  " 
PM,  11.10  " 
and  diagonal  PN,  13,70      " 

It  is  required  to  divide'it  into  two  equivalent  parts  by  a  line 
ranning  fVom  a  point  in  the  side  MN,  6  chains  from  M.    Find 
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the  length  of  the  divieion  line  and  locate  the  other  extremity 
of  it. 

2.  Divide  the  tr&ct  described  ia  Example  1  into  two  parts,  in 
tiie  ratio  of  S  :  4,  by  a  line  DL  ranning  from  some  point  in  ISN, 
and  falling  perpendicularly  upon  PO.  The  part  PMDL  is  to  be 
the  greater.    Locate  the  line  required,  and  determine  its  length. 

289.  Given  a  trapezium,  to  divide  it  into  ttoo  parts  having  a 
given  ratio,  by  a  line  pasting  through  a  given  point  within  the 
tract. 

Let  OPQB  represent  the  given  trapezium  T,  the  point  vlthin 
it,  given  by  its  beariog  and  dis- 
tance from  some  angle,  as  R. 
Produce  the  sides  0^  and  PQ  to 
meet  in  V.  Denote  the  ratio  b; 
m  and  n,  the  area  OPQR  by  A, 
QS  by  V,  DL  by  «,  VL  by  x,  and 
VO  by  y.  Find  by  the  sine  pro- 
portion 

vBiaS 


VQ  = 


sin  V 


and  thence  the  area  FQR  =  A'.  Then  in  the  triangle  VRT,. 
having  two  sides  and  the  included  angle,  compote  VT,  which 
caU  b,  and  the  angle  TVR  =  a.  Patting  V-  a  =  p,  and 
A  +  A'  =  A",  the  following  equations  may  be  written : 

xi/BinV=2A';  (1). 

bxima  +  byB\up=  2A".  (2)- 

in  (2)  the  value  of  y  from  (1),  and  redncingr 


m  +  n 


and 


Sabstitating 
there  resalte. 


&DdRL=X-VR: 


DSina 
OBina 


I    A'" 
\6'sin»a" 


sin  a  sin  F 


I    A"^        2  A"  sip  0      VBiaQ 
'  >/&*siD'a      sinasinF'       sinF' 
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Oiren  the  boimdariea  of  a  trapezinm  as  follows : 
(1)  N.  le^'W.  24.63  chaiDB; 


(2)  S. 

79°  W. 

27.00 

(3)  S. 

i-w. 

34.28 

(4)  N. 

65-  E. 

37.20 

To  divide  It  into  two  eqniTalent  parta  by  a  line  extendiog 
from  the  flrat  to  the  third  side,  and  pasBing  through  a  point 
20  chains  distant  from  the  first  and  second  cornera.  Locate 
the  line  and  find  its  length. 

290.  Oiven  a  trapezium,  to  divide  U  into  two  parts  hamng  a 
given  ratio,  by  a  line  passing  through  a  given  point  without  the 
(rticf. 


Let  OQRT  represent  the  trapezium  given  bj  the  bearings 
and  distances  of  its  sides,  P  the  point  without,  located  by  its 
bearing  and  dbtauce  from  T,  the  ratio  m :  n.  Extend  the  sides 
RT  and  QO  until  they  meet  in  V.  Then  tlie  problem  may  be 
solved  in  a  similar  manner  to  that  in  Article  281. 


2SSL.  Oiven  a  trapezium,  to  divide  it  into  four  equivalent 
parts,  by  two  line»  intersecting  opposite  sides,  one  of  the  division 
lines  being  parallel  to  one  of  the  given  aides  of  the  tract. 

Let  ABCD  represent  the  given  trapezium,  FE  the  division 
Use  parallel  to  DC,  and  QH  the  other  division  line.    It  is  re- 
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quired  to  locate  both  divieioD  lines.  Prolong  the  sides  AD  and 
BC  to  meet  in  P ;  also  DC  and  AB  to  Q.  Find  AE  tind  EF 
by  methods  already  given. 

Now,  anj'  line  cutting  Uie  parallel  sides  of  a  trapezoid  and 
dividing  it  into  two  equivalent  parts  must  pass  through  a  point 
0  (the  middle  of  the  middle  line  between  the  bases).  See 
Article  284.     Hence  MO  becomes  known  =  \{CD+  EF) ,  and 


A 


also  MC  =  \FC.  In  the  triangle  OMC,  compute  the  angle 
MCO  and  the  line  OC;  add  Z  MCO  to  Z  AfCQ,  and  having 
previously  calculated  QC,  find  in  the  triangle  QCO  the  angle 
CQO  and  the  side  QO.  Subtract  Z  CQO  from  Z  CQB  and 
obtain  Z  OQB.  Then  putting  the  side  QO  =  a,  Qff=x,  and 
QQ  s=  y,  we  may  write  the  following  equations : 

xs  sin  HQG  -^  2  area  H^QO, 

oat  sin  CQO  +  ay  sin  0Q(?  =  2  area  ^Q&. 

From  these  equations  obtain  y.  Subtract  it  from  AQ,  found 
by  sine  proportion,  and  the  distance  from  the  corner  .d  to  the 
extremity  of  the  division  line  GH  at  O  will  be  the  lesult. 

Then  in  the  triangle  QQIISad  QH;  whence  the  length  and 
bearing  of  GH  may  be  computed. 
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EXAMPLE. 

It  is  required  to  divide  tlie  farm  described  in  288  (Example  1) 

into  four  equivalent  parts  bjr  tiro  lines  intersecting  opposite 

sides ;  one  of  the  division  lines  is  to  be  parallel  to  the  first  side. 

Locate  the  division  lines,  and  determine  tbeir  lengths. 

O.     POLTGONa 

292.  Given  a  polygon,  to  divide  it  into  two  parts  having  a 
given  ratio,  or  to  cut  off  a  given  area,  by  a  line  through  a  given 
point. 

Let  OPQBTV  represent  the  polygon  given  by  its  bear- 
ings and  distances,  or  angles  and  sides,  0 V 

and    suppose    the    line   be   required   to           /                 \ 
run   from  P,  either  an  angle   or   any   _/                     \     , 
given  point  in  a  side.      Catcalate  the     T '"■■^ \ 

area  of  the  polygon,  and  take  the  — ^—      \         m         "yT 
m  +  n       \  / 

part  of  it  aa  the  area  to  be  cut  off  to       \ / 

the  right  of  the  line  extending  from  /*,       Q  R 

Ran  a  (noi  /tne  •  from  P  as  PT,  calculate  the  area  of  i*QBr, 
tuid  determine  whether  the  area  thus  cut  off  Is  too  small  or  too 
large,  and  how  much.  Suppose  it  is  too  small ;  then  the  extrem- 
ity T  of  the  division  line  PT  must  be  moved  towards  V  to 
some  point  T.  To  find  this  point,  denote  TT  by  x,  the  angle 
TTP  by  T,  the  distance  PT  by  &,  and  the  area  of  the  triangle 
PTT  by  a  \  then 

^  ba;  sin  T  =  a, 

from  which  we  find        x  =  ■—-, — — - 
frsin  T 

*Tbe  bearing  and  dUtance  of  PT  may  be  etlcolated  from  the  datk 
given — without  a  trial  line — aa  in  tapplylng  omiMiona.  If,  however, 
tliit  ii  done,  the  Borveyor  ahould  not  omit  to  roeaaore  the  diriiion  line  to 
verify  hit  work.  In  fact,  it  it  the  beat  pracdce,  no  matter  what  method  ia 
adopted  to  obtain  the  diviaioD  line,  to  alwayi  teat  the  compntatioD  by 
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This  dUtance  measured  tVom  T  ta  V  will  locate  7*,  a 
poiot  which  connected  with  P  will  give  the  diTision  line 
sought. 

293-  Given  a  polygon,  to  divide  it  into  two  parts  in  a  given 
ratio,  or  to  cvi  off  a  given  area,  hy  a  line  through  a  given  point 
within  the  trad. 

Let  the  marginal  figure  represent  the  tract,  Pthe  given  point. 
If  the  area  to  be  cut  off  is  not  di- 
rectly given,  calculate  the  contents  of 
the  tract,  and  then  by  the  ratio  deter- 
mine the  quantity  to  be  cut  oS,  and 
denote  it  by  A.  Run  a  trial  line  TT 
through  P,  dividing  the  polygon  aa 
nearly  as  may  be  judged  in  the  re- 
quired manner.  Measure  TP=b,  Pf 
=  c,  and  the  angles  T  and  T".  Calcu- 
late the  area  of  either  part  of  the  polygon,  and  tbus  ascertain 
whether  T  should  approach  or  recede  from  0.  Suppose  the 
area  TNMVV  ia  calculated  and  found  too  small  by  a  quan- 
tity a,  and  that  DL  represents  the  division  line.  Pnt  DP=  x, 
PL  =  y,  the  angle  PTD  =  T,  PTL  =  T,  and  the  angle  at  the 
point  P  =  P,  which  is  required,  since  that  will  indicate  the  di- 
rection of  the  division  line. 

Then  ^cy  mi  P-  ^bxa\aP=a  (1) 

(2) 


-      ftain  T 
"sin(r-l--P)' 


sin  (2" -HP) 


(3) 


Sobstitntlng  the  values  of  x  and  y  from  (2)  and  (3)  in  (1), 
there  resulte 

c*  Bin  T'  sin  P     h'  sin  T  sin  P  __^  .^, 

siu(r'-l-P)        8iu{r  +  P)    "^    '  ^  ' 
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Expanding  the  denominators,  dividiDg  each  fraction,  nnmer- 
ator  and  deaominator,  by  itB  onmerator,  and  writing  for  ^ 
tbe  oot,  there  results 

t »: Ja.  (6) 

cotP+cotl"     coti*+ootr 

PattiDg  ootP— p,  cotT=(,  And  cotT'  =  (',  we  may  write 
more  aimpl; : 

a »!_  =  2a 

p+e     p  +  t 

or  r'  +  l  +  l' ^- J- B'i 


J, -(  +  <■ 


2a  J 


-V^-«'4K'-'-'ii-')]" 


Restoring  values,  we  have 


Ic"  cot  r-ft*  cot  r* 


cot  T  cotT+Ueot  T+cot  7"—^—^. 
A  2o  J 


The  problem  may  be  simplifled  wheo  it  ia  practicable  to  ran 
the  trial  Hoe  at  right  angles  to  one  of  the  sides  of  the  pol3'goD. 
In  the  tract  given,  suppose  Tl"  to  be  run  perpendicalarly  to 
BV;  then  cot  7"  =  0,  and  Equation  (5)  may  be  written 


cotP     cotP+cotr 
e..P-|(,o.r-g^ 
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294.    Given  a  polygon,  to  cut  off  a  given  areabyalineptueinff 
through  a  given  point  without  (Ae  trad. 
Let  the  marginal  figure  represent  the  case. 

As  in  the  preceding  article,  ma 
a  trial  line  PT'  from  P,  and  sup- 
poee  it  is  made   perpendicular  to 
/^  RV.    Calculate,  as  before,  the  con- 
tent  of    TNMVT',  and   SBcertain 
the  amount  to  be  added  to  make 
the    required   area.       Denote,    as 
before,   this  area  by  a,   PT  =  by 
=  x,PL  =  y;  the  angles  at  P,  T,  etc.,  by  P,  T, 
',  then 


PT==c,PD  = 

etc.,  and  DL  the  division  line ; 
\cyB.\aP  —  \1xBfa.ji 
_      6  sin  r 
Bin(/'+T)' 


"     ooa-P  '  ' 

SabstitDting  the  values  of  x  and  y  from  (2)  and  (S)  in  (1). 
and  reducing  as  in  the  preceding  problem,  there  i-esults 

cot  P  =  ~  —  [^2  a  cot  r  +  6*  -  c*^ 


(c'cotr 


SocotT+b*-)^ 


■)]■• 


The  student  may  verify  the  value  found. 

29S.    Given  a  polygon,  to  divide  it  into  three  parts  having  a 
given  ratio,  by  lines  radiating  from  a  given  point. 

a.  Let  the  figore  represent  the  polygon, 
and  suppose  the  point  is  in  one  side  at 
P.  Calculate  the  area  of  the  whole  tract 
and  ascertain  how  much  each  division  ie 
to  contain ;  then,  by  Article  292,  cut  off 
the  required  areas  PVTSL  and  POQD, 
and'the  |>roblem  is  solved. 
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b.  If  tbe  poiut  is  vithin  the  tract,*  cut  off,  by  Article  293, 
one  required  portion  DVTSKD  by  a  line  DK  through  P,  and 
by  the  preceding  article  divide  the  remainder  by  the  line  PL  aa 
required.  If  PL  cats  off  a  qoadrilateral  on  either  side,  Article 
266  may  be  nsed. 


c.  If  the  point  is  without,"  proceed,  as  in  Article  394,  to  cnt 
oH  the  required  portion  E7TSDK  and  HOQLH;  the  remain- 
der HLBDKH will  be  the  third  portion. 

It  is  evident  that  this  principle  may  be  extended  to  any 
number  of  parts. 

296.  To  cut  off  from  a  given  polygon  a  given  area  &j/  a  line 
runnittg  in  a  given  direction. 

Let  the  figure  represent  a  tract  which  it  is  required  to  divide 
into  two  equivalent  parts  by  a  line  DL  parallel  to  BS. 

Join    QT,   calculate   its  length 
and  bearing,  and  also  the  content 
of  QRST.    Subtract  said  content 
from  one-half  the  area  of  the  whole   ^ 
tract,  thereby  obtaining  tbe  area 
DLTQ.    Then,  by  Article  287,  the 
length  and  position  of  the  division 
line   may  be  determined.      It   is       *^         f 
evident  that  this  principle  may  be  extended  to  any  number  of 
subdi  visions. 

hj   the  ntio,  how  much   each 
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EXAMPLES. 

1.  The  Btndent  may  indicate  bow  be  wotUd  diride  DQB8TL 
into  two  eqaivalent  parte  by  a  line  perpendicular  to  DL. 

2.  Show  how  to  divide  DPONMVT.  into  two  eqnivaleat  parta 
by  a  line  extending  from  the  middle  of  DL. 

Z.  Divide  the  farm  described  in  Article  234,  Example  4,  into 
two  equivalent  parts  by  a  line  running  due  east. 

297.  From  a  tract  of  land  of  which  one  or  more  of  the  boun- 
dory  lines  it  irregviar,  to  cut  off  a  given  area. 

_fl  Let  OPQBT  represent  the  tract 
which  it  is  required  to  divide  into  two 
equal  parts  by  a  line  DL  parallel  toPQ. 
Survey  the  land,  taking  offsets  along 
EO,  and  calculate  the  area.  Then 
the  problem  may  be  solved  by  Article 
285. 

298.  To  Btraighten  Boondarr  Linei.  It  is  sometimes  re- 
quired  to  substitute  a  straight  line  for  an  irr^jular  or  crooked 
one  between  farms,  and  to  leave  the  same  quantity  of  land  as 
before  In  each  tract.     Let  OBQ  be  the  line  which  it  is  required 

T  to  strughten  by  a  line  extend- 
,  ing  from  O,  the  bearings  and 
distances  OR,  BQ,  and  the  bear< 
1-0  '•'g  of  QT  being  known.  Run  a 
trial  line  OP,  notii^  the  dis- 
tances BK,  OS,  KP,  and  PQ, 
and  calculate  the  areas  of  the 
V  tnaxi^a  ROE  KaA  PQK.  If  it 
happens  that  the  triangle  ROK\&  equivalent  to  PQK,  then  OP 
will  represent  the  line  sought.  If,  ss  is  generally  the  case, 
their  areas  ore  not  equal,  take  the  difference,  and  suppose  in 
this  case  PQE  the  less.  The  problem,  then,  is  simply  this : 
Oiven  one  side,  OP,  of  a  triangle,  and  the  direction  of  another. 
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PT,  to  cat  off  a  giTen  itrea  by  a  line  OP",  to  find  tbe  dietaoce 
PF'.     The  aolntioD  ia  given  in  Article  257. 

Othenoiae,  with  the  given  bearings  and  dUtoncea  calculate 
the  area  of  the  triangle  OBQ  and  the  length  and  bearing  of  the 
closing  line  OQ.  Then,  as  before,  having  one  side  of  a  triangle, 
the  direction  of  another,  and  the  area,  find  Qf  and  the  bearing 
and  distance  of  OP*.  The  work  should  be  verified  by  actual 
measuremeDt  of  angle  and  distance. 

EXAMPLE. 
Given  OR,  N.  59°  30'  E.  10.60  chains ;  RQ,  S.  70°  15'  E. 
19.32  chains ;  QT,  N.  12°  W.,  to  find  QP  and  the  bearing  and 
distance  of  a  line  OP  which  will  straighten  the  boundary. 


MISCELLANEOUS  EXAMPLES. 

1.  It  is  required  to  lay  oat  a  lot  to  contain  one  acre,  and 
baring  an  equal  frontage  on  two  streets  which  Intersect  at  an 
angle  of  34°  40'.     Locate  the  comers  of  the  property. 

2.  From  a  equare  tract  of   land  OPQR^  which  originally 
contained     160    acres,    the    southwest  , 
quarter  was  sold.     It  is  i-eqaired  to  find 
Oie  uniform  width  of  a  atrip  MNLVTS  ^  ~ 
which  shall  contain  40  acres.     How  many 
rods  of  fencing  will  the  tract  require? 

3.  A  rectangnlar  tract  of  land  16.20 
chains  long,  and  3.60  chains  wide,  valaed 
at  $200  per  acre,  is  to  be  divided  among 

three  persons  so  that  the  first  shall  have  tl,000  worth  of  it;  the 
second,  t900 ;  and  the  third,  the  remainder.  Locate  the  points 
of  division  on  the  long  side. 

4.  The  bearings  of  two  aides  of  a  triangle  are  OM,  N  60°  E., 
and  O^,  S.  40°  £.  It  is  required  to  cut  off  from  the  comer  O 
an  isosceles  triangle  containing  16  acres.  Locate  and  find  the 
length  of  the  division  line. 
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5.  There  is  a  farm  in  the  form  of  a  trapeziam  the  area  of 
vhich  is  given  as  87.78  acres.  The  description  of  its  bonn- 
dariee  is  very  much  effaced ;  all  that  is  legible  ia  as  follows : 

Beginsing  at  the  northwest  corner,  thence  (1)  S.  76°  E. 
(distance  effaced) ;  (2)  S.  10°  E.,  distance  25  chains ;  (3)  S. 
62°  W.  (distance  effaced) ;  (4)  N.  6°  W.  (distance  effaced). 

It  is  required  to  perfect  the  description. 

Sttogestion.  Prolong  the  second  and  fourth  sides  until  they 
meet,  and  calculate  the  area  of  the  triangle  exterior  to  the  tract. 
Add  it  to  tiie  given  area,  whence  the  length  of  the  first  side 
may  be  readily  computed ;  the  second  and  fourth  sides  may  be 
f  omid  easily  by  either  of  two  methods. 

6.  Required  the  length  of  a  chord  which  will  cut  off  one-third 
part  of  a  circle  whose  radius  is  100  feet. 

ScGaEBriOM.    Let  26  denote  the  central  angle,  and  r  the 

radius,  for  convenience.    Then sin2tf  = —    Whence 

180      2  S 

$  may  be  obtained,  and  hence  the  chord.     The  angle  will  be 
the  same,  no  matter  what  the  radius  may  be. 

7.  A  trapezoidal  field,  the  two  parallel  sides  of  which  are  16 
and  10  chains,  and  the  perpendicular  distance  between  them,  12 
chains,  is  to  be  divided  into  two  equivalent  parts  by  a  line 
parallel  to  the  given  sides.  It  is  required  to  determine  the 
length  of  the  division  Une  and  locate  its  extremities,  the  sides 
being  equally  incUned  to  the  bases. 

8.  Given  the  sides  of  a  triangle  OR,  280  yards ;  RQ,  200 
yards ;  OQ,  300  yards ;  the  distance  fVom  0  to  a  point  P  outside 
the  tract,  220  yards  ;  and  the  angle  POQ,  20°.  It  is  reqaired 
to  run  the  centre  line  of  a  straight  road  through  P  and  across 
the  field,  so  as  to  divide  the  tract  into  two  equal  parts.  Locate 
the  points  where  the  road  will  cross  the  triangle. 

9.  Given  the  sides  of  an  irregnlar  pentagon,  and  the  per- 
pendicular distance  to  each  from  a  point  within.  Show  how  to 
divide  the  tracts  into  their  equivalent  parts.  Also  into  three 
parts,  having  the  ratio  m:n:p. 
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10.  Given  in  s  trapezoid  MNOP  (no  figure),  i*Jif=  38.60 
chains ;  MN,  one  of  the  parallel  sides,  64.80  chfuns  ;  NO,  41 
chains ;  the  angle  M,  85°  30' ;  and  N,  lb"  40'.  It  is  required  to 
divide  the  tract  into  two  parts  in  the  ratio  of  2 :  3,  by  a  line  DL 
parallel  to  the  parallel  sidee.  The  part  MNDL  ia  to  be  the 
greater.     Find  the  length  and  location  of  tlie  division  line. 

11.  Given  one  side  of  a  triangular  field,  120  yards ;  the  angle 
opposite,  20° ;  and  the  ratio  of  the  other  two  eides,  7 :  10. 
Find  the  area. 

12.  Show  that  the  area  of  a  trapezium  is  equal  to  one-half 
the  product  of  its  diagonals,  b;  the  sine  of  the  angle  of  their 
intersection. 

13.  From  a  point  within  a  triangular  field,  the  sides  of  which 
were  equal,  I  measured  the  distances  to  the  three  angles,  and 
found  them  12.5,  10,  and  7.5  chains  respectively;  required 
the  area. 

-     Ana.    12  A.  1  R.  23  P. 

The  above  problem  is  given  in  Gummere's  Surveying,  and  by 
some  surveyors  it  is  considered  difficult.  The  following  is  an 
outline  of  a  solutiOD ;  the  student  will  supply  what  is  wanting  : 

Witti  the  given  distances  form  the  triangle  ABC.  On  AB  de- 
scribe an  equilateral  triangle  ABD ;  join 
CD  by  a  right  line,  and  on  it  describe 
an  equilateral  triangle  CDE.  CDE  is 
the  triangle  in  question,  and  B  the 
point  within.  For  BC  and  BD  are  evi- 
deutly  two  of  the  measured  distances, 
and  BE,  it  will  be  perceived,   ia  the  D 

other,  through  the  similarity  and  equality  of  the  triangles  ADC 
and  BDE.  To  find  the  area  of  CDE,  compute  the  angle  BAC, 
whence  the  angle  CAD  becomes  known  j  now  with  the  two 
sides  AC,  AD,  and  the  included  angle  CAD,  CD  is  easUy 
determined,  and  hence  the  required  area  of  the  triangle  ODE. 
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PUUTB-TABLE  aTOVEIIBfl. 

299.  Tlte  PlaiiNTable,  as  its  name  indicateB,  is  a  table  or 
board  which,  being  covered  with  paper,  and  having  certain 
appliancea  for  levelling  and  sighting,  enableB  the  surveyor  to 
determine  points  and  lines,  and  to  delineate  them  on  the  paper 
in  their  relative  position. 

It  is  used  in  "  filling  in  "  the  details  of  topc^aphlcal  work, 
and  generally  for  the  location  of  points  where  great  accuracy 
is  not  required,  on  account  of  the  rapidity  with  which  surveys 
by  it  may  be  effected. 

300.  The  Board,  which  is  rectai^lar  in  shape,  usually 
H  by  30  inches,  is  made  of  pieces  of  well-seasoned  wood  joined 
advantageously  together  to  prevent  warping,  and  is  fliraished 
with  rollers  or  clamps,  by  means  of  which  the  paper  is  kept 
securely  stretched  upon  it. 

gOL.  The  Flnmbing-Ann,  which  is  pointed  at  one  end,  and 
from  tbe  other  a  plummet  is  suspended,  is  used  to  determine 
the  point  on  the  ground  immediately  under  its  representative 
on  the  board,  or  vice  verm.  The  lower  part  of  it  moves  upon  an 
axis  which  has  an  index  at  its  extremity,  by  means  of  which  it 
may  be  ascertained  when  the  bob  and  point  upon  the  table  are 
in  the  same  vertical  line. 

302.  The  Tripod  and  its  Head  are  similar  to  those  of  the 
ocdioary  transit,  though  heavier. 

A  metallic  plate,  screwed  fast  to  the  table  and  having  a  solid 
conical  spindle  projecting  from  its  centre,  affords  the  means  of 
attaching  Qie  head  to  the  table. 
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The  tripod-faead  admits  of  a  slight  lateral  motion  to  the 
1>oard,  and  is  provided  with  leTelllng-cUmp  and  taogeat- 
screws  similar  to  the  common  transit. 

303-  Of  Alidadet  there  are  several  kinds.  One  of  the 
best,  however,  for  ordinary  purposes  is  indicated  in  the  flgore. 
It  coneiste  of  a  brass  ruler  or  straight  edge  about  22 
inches  long  and  two  inches  wide,  ftom  which  rises  a  column 
surmounted  bv  a  telescope.  Th<>  power  of  the  telescope  at 
least  equals  that  of  the  common  transit,  and  it  is  provided  with 
stadia  wires,  has  an  attached  level,  vertical  arc,  with  the 
necessary  adjusting  movements.  It  is  set  on  the  column  so 
that  the  line  of  collimation  is  in  or  near  the  same  vertical  plane 
with  the  bevelled  edge  of  the  ruler. 

A  parallel  ruler  allowing  a  very  slight  deviation  from  this 
plane  is  sometimes  used,  and  the  work  is  thereby  facilitated. 
A  small  level  is  placed  on  the  top  of  the  column,  which  serves 
to  indicate  any  unequal  settling  of  the  instrnment.  Two  spirit 
levels  at  right  angles  to  each  other  are  placed  upon  the  table  to 
indicate  when  by  the  level! iug-screws  it  is  made  horizontal ;  or, 
the  levels  are  attached  to  tlie  ruler  of  the  alidade,  one  in  the 
longitudinal  direction  of  the  ruler,  the  other  perx>endicular 
to  it. 

304.  Th«  SeoUnBtor  is  simply  a  box  containing  a  mimetic 
needle  which  has  a  range  of  12  or  15  degrees  on  each  side 
of  the  zero.  It  is  used  in  orienting  the  table ;  that  is,  to  place 
a  given  point  on  the  table  over  that  on  the  ground  which 
it  repr»ents,  and  to  cause  a  line  of  the  paper  to  lie  in  the  some 
vertical  plane,  or  parallel  thereto,  with  its  counterpart  on  the 
ground. 

Before  the  table  is  removed  from  its  first  position,  oi-  at  the 
time  of  ilrawing  the  first  line  of  the  survey,  the  declinator  may 
be  placed  npon  it,  and  the  needle  allowed  to  rest  at  zero ;  then 
a  pencil  drawn  alongside  the  box  will  trace  a  north  and  eouth 
line,  since  the  sides  of  the  box  are  made  parallel  to  the  line  of 
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zeros.*  When  the  table  is  orieated  at  anj  other  statioQ,  the 
declinator  will  give  the  same  reading  if  placed  along  the  aame 
line. 

ADJUeTHENTS. 

306.  From  the  natare  of  the  eervice  in  some  Bectioos  of  the 
oonntry,  the  plane-table  is  often  neceBearily  subjected  to  rough 
usage,  and  there  is  a  constant  liability  to  a  diBtorbanoe  of  the 
adjoetments ;  still,  in  careful  hands,  a  well-made  instrument 
may  be  used  under  very  unfavorable  conditions  for  a  long  time 
without  being  perceptibly  affected.  One  should  not  fail,  how- 
ever, to  make  occasional  examinations,  and  while  at  work, 
if  any  difficulty  be  encountered  which  cannot  oQierwise  be 
accounted  for,  it  should  lead  directly  to  a  scrutiny  of  the 
adjustments. 

306.  The  Fiducial  Edge  of  the  Rvler.  This  should  be  a 
true,  straight  edge.  Place  the  ruler  upon  a  smootii  surface, 
and  draw  a  line  along  the  edge,  marking  also  the  lines  at  the 
ends  of  the  ruler.  Reverse  the  ruler,  and  place  the  opposite 
ends  upcm  the  marked  points,  and  E^in  draw  the  line.  If  the 
two  lines  coincide,  no  adjustment  is  necessary ;  if  not,  the  edge 
must  be  made  true. 

There  is  one  deviation  from  a  straight  line  which,  by  a  very 
rare  possibility,  the  edge  Of  the  ruler  might  ^sume,  and  yet 
not  be  shown  by  the  above  test ;  it  is  when  a  part  is  convex 
and  a  part  similarly  situated  at  the  other  end  concave  in  ex- 
actly the  same  d^ee  aod  proportion.  In  this  case,  on  reversal, 
a  line  drawn  along  the  edge  of  the  ruler  would  be  coincident 
with  the  other,  though  not  a  true  right  line ;  this  can  be  tested 
by  an  exact  straight  edge. 

307.  Thfl  Level  Attached  to  the  Bnler.  Place  the  instru- 
ment in  the  middle  of  the  table,  and  bring  the  bubble  to  the 
centre  by  means  of  the  levelling-screws  of  the  table ;  draw  lines 

*  Anj  other  bearing  which  may  be  read  will  auwer  the  pnrpoM. 
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along  the  edge  sni]  ends  of  the  ruler  apon  the  boud  to  show  its 
exact  position,  then  reverse  180".  If  the  bubble  remain  cen- 
tral, it  is  in  adjustment ;  if  not,  correct  it  one-half  by  means 
of  the  levelling-screwB  of  the  table,  and  the  other  half  by  Ha 
adjnstiDg-screwB  attached  to  Uie  leyel.  This  should  be  re- 
peated  nntil  the  bubble  keeps  its  central  position,  whichever 
way  the  ruler  may  be  placed  upon  the  table.  This  presupposes 
the  plane  of  the  board  to  be  true.  If  two  levels  are  on  the 
rulers,  they  are  examined  and  adjusted  in  a  like  manner. 

Great  care  should  be  exercised  in  manipulation,  lest  the 
table  be  disturbed. 

306.  Cause  the  line  of  sight  to  revolve  in  a  vertical  plane, 
make  the  bubble  of  the  level  attached  to  the  telescope  read 
zero  when  the  line  of  sight  is  horizontal,  and  test  the  vernier 
arc  for  index  error,  each  as  in  the  transit. 


Hbthods  Ekpwjied  ih  Pu.mb-Table  SuBVErrao. 

309-  Points  may  be  located  with  respect  to  one  another  by 
either  of  four  methods.  In  actual  practice,  however,  a  oombi- 
natioa  of  some  of  them  is  frequently  employed. 

310.  Bj  Badiatioit.  Suppose  it  ia  required  to  make  a  plot 
of  a  field  KLMNO,  all  the  comers  of  which  can  be  seen  from 
a  point  P  within  it.  Place 
the  instrument  at  P,  level 
and  clamp  it.  Find  a  point 
p  on  the  paper,  directly 
over  P  on  the  ground,  and, 
keeping  the  bevelled  edge 
of  the  rnler  on  p,  point  the 
telescope  to  any  corner  of 
the  tract,  as  K.  By  means 
of  the  stadia  wires,  or  chain,  obtain  the  distance  PK,  and  lay 
it  oS  to  auy  desired  scale  in  the  direction  of  the  point  sighted, 
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tbuB  plotting  p%.  In  a  similar  manner,  locate  the  otlier  comera. 
Join  b;  straight  Unes  the  pointe  thns  determined ;  and  the 
resulting  figure  Jdmno  will  represent  the  tract  sorveyed.  It  U 
ohvioDB  that  the  position  of  objects  such  as  buildings,  trees, 
etc.,  if  visible,  maj  be  determined  by  this  method,  and  that  it 
is  immaterial  whether  the  instrument  be  set  up  in  the  field  or 
at  one  of  the  angles,  providing  all  the  stations  can  be  seen  from 
the  point  selected. 

311.  By  ProgreHum.  This  method  requires  the  instrument 
to  be  set  up  at  every  station  of  the  tract  to  be  Burveyed.  Let 
KLMNO  represent,  as  be- 
fore, the  field,  and  suppose 
the  instrument  is  first  placed 
"ys  at  K,  and  that  *  on  the 
y  paper  designates  this  point. 
With  the  alidade  directed 
towards  L,  draw  along  it  an 
indefinite  line.  Obtain  by 
stadia  or  chain  the  distance 
EL,  and  lay  it  off  to  a  desired  scale,  thus  locating  I.  Remove 
the  instrumeDt  to  L,  orient  it,  and  locate  m.  Continue  in  the 
Same  manner  to  locate  n  and  o. 

When  the  table  is  oriented  at  any  station,  as  M,  the  line 
ML  should  lie  in  the  vertical  plane,  with  its  representative  mT 
OD  the  plot,  and,  having  gone  ronnd  the  tract,  the  last  line 
should  close  with  the  first  statioD  k. 

This  method,  in  conjunction  with  the  preceding,  may  be 
employed  advnntt^eoualy  in  the  survey  of  a  road,  stream,  etc. 
The  centre  Line  of  the  road  or  bank  of  the  stream  may  be  trav- 
ersed by  the  instrument,  placing  it  at  each  angle  or  bend,  as 
in  the  survey  of  a  field  by  prt^reasion,  and  determine  by  the- 
method  of  radiation  the  position  of  prominent  objects,  such  a» 
buildings,  bridges,  trees,  etc.  If  there  be  added  to  the  above 
a  sketch  of  the  general  features  of  the  ground,  a  complete  map- 
will  be  had  of  the  belt  of  country  traversed. 
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3U.  B7  InteriMtioiu.  Let  it  be  required  to  plot  tiie  stationa 
M,  0,  P.  Me&Bure  carefolly  the  base  line  LN,  and  draw  to  a. 
coDVenient  scale  In  on  the  paper 
to  represent  it.  At  the  extremities 
of  tliis  base  line  orient  and  poiot  the  j 
instrument  to  the  several  stations. 
The  intersections  of  the  pairs  of 
lines  drawn  from  the  base  line  to 
Uiese  atations  will  indicate  their  [ 
poaitioD  on  the  plot.  Their  dis-  1 
tances  fh>m  the  base  line,  if  desired,    ^  " 

may  be  obtained  hj  applying  the  scale  used  in  the  constnictioD 
of  In. 

If  a  field  or  closed  tract  of  land  is  to  be  surveyed,  a  portion 
or  all  of  one  side  may  be  used  as  a  base  line,  or  a  base  may  be 
chosen  outside  the  tract. 

This  method  is  obviously  well  adapted  to  the  mapping  of 
harbors,  shore  lines,  and  generally  to  iaaccessiblc  points. 

Of  course  in  this,  as  in  all  triangulations,  well -conditioned 
triangles  give  more  satisfactory  results ;  that  is  to  say,  avoids 
if  possible,  angles  less  than  80°  or  greater  than  150°. 

313.  By  BMWtion.  This  method  requires  the  measurement 
of  one  line  and  the  accessibility  of  all  the  stations. 

Let  KLMNO  represent  the 
points  to  be  plotted.  r 

Obtain  the  distance  between  [ 
two  of  them,  as  OK,  lay  it  off  /^ 

on  the  table  to  a  suitable 
scale,  and  let  ok  represent  it. 
Orient  the  table  at  k,  point 
the  alidade  to  L,  and  draw    \!l^\ 

along  its  Hdncial  edge  an  in-  ^ —   -— ^' 

definite  line.     Remove  the  in- 
strument to  Ly  and  orient  it.     Then  with  the  alidade  centring 
on  0,  point  it  in  the  direction  of  0,  and  draw  a  line  along  its 


)v  Google 


270  PLANE    SUBTBTING. 

edge:  this  line  will  intersect  kL  in  eome  point  I,  which  will 
locate  L  on  the  plot.  Through  I  draw  a  line  towards  M, 
remove  the  iuBtrument  to  My  and  proceed  as  before.  Objects 
on  either  aide  of  the  lines  ma;  be  determined  by  radiation  or 
by  intersection,  and  forUier  details,  if  desired,  sketched  in  as 
the  work  proceeds. 

314.  Dotermination  of  Foution  by  BoMctioii  on  ThiM 
Known  Points.  In  this  problem  three  stations,  L,  N,  0,  are 
plotted,  as  {,  n,  o,  on  the  table,  and  the  InetrumeDt  being  set 
np  over  a  fourth  point  P,  it  is  required  to  find  the  position  of 
this  point  on  the  map.  This  is  the  tbree-point  problem  of 
which  geometrical  constructions  and  analytical  solutions  are 
given  in  Chapter  11.  Section  IV,  It  may  be  solved  thus : 
Fasten  a  sheet  of  tracing-paper  on  tiie  board,  fix  a  point  p  to 
represent  the  station  at  which  the  instrument  is  set ;  with  the 
alidade  centring  on  p,  direct  the  telescope  encceesively  to  L,  0, 
and  N,  and  draw  lines  of  indefinite  length  along  the  ruler's 
edge  towards  these  stations.  Then  if  the  tracing-paper  be 
shifted  until  the  three  lines  thus  drawn  coincide  with  the  points 
I,  o,  and  n,  the  point  p  will  indicate  the  position  of  P. 

The  position  of  this  point  may  now  be  transferred,  by  pricking, 
to  the  map,  the  tracing-paper  removed,  and  the  table  oriented. 

315.'  Besiol'i  Method  by  Inaeribed  ansdrilntaral.  A  quadri- 
lateral is  coDstmcted  with  all  the  angles  in  the  circumference  of 
a  circle,  one  dii^onal  of  which  passes  through  the  middle  one 
of  the  three  fixed  points  and  the  point  sought.  On  this  line 
the  alidade  is  set,  the  telescope  directed  to  the  middle  point, 
and  the  table  is  in  position.  B«Bection  upon  the  extreme  points 
intersects  in  this  line  and  determines  the  position  of  the  point 
sought. 

Let  a,  h,  c,  be  the  points  on  the  sheet  representing  the  signals 
A,  B,  C,  in  the  ground. 

The  table  is  set  up  at  the  point  to  be  determined  (d)  and 

•  Articlei  S1&  and  816  are  from  tbe  U.  8.  C.  &  0. 8.  Beport  for  1880. 
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levelled.  The  alidade  is  set  upon  the  line  ea,  and  a  directed, 
by  revolving  the  table,  to  its  coiTesponding  sigoal  A,  and  tiie 
table  clamped ;  then,  with  the  alidade  centring  on  c,  the  mid- 
dle signal  B  is  sighted  vith  the  ,, 
telescope,  and  the  line  ce  drairn 
along  the  edge  of  the  mlei. 
The  alidade  is  then  set  upon  the 
line  ac,  and  the  telescope  di- 
rected to  the  signal  C,  by  re- 
volving the  table,  and  tbe  table 
clamped.  Then,  with  tbe  alidade 
centring  on  a,  the  telescope  is  ' 
directed  to  the  middle  signal  B, 
and  the  line  ae  is  drawn  along 
tbe  edge  of  the  ruler.  The 
point  e  (tbe  intersection  of  these 
two  Unes)  will  be  in  the  tine 
passing  tlirough  the  middle  point  and  the  point  sought.  Set 
the  alidade  upon  tbe  line  be,  direct  b  to  the  signal  B  by  revolv- 
ing tbe  table,  and  the  table  will  be  in  position.  Clamp  tbe 
tabic,  centre  the  alidade  upon  a,  direct  the  telescope  to  tbe 
signal  A,  and  draw  along  the  ruler  the  line  ad.  This  will  inter- 
sect the  line  be  at  the  point  sought.  Resection  upon  C,  cen- 
tring the  alidade  on  c  in  the  same  manner  ae  upon  A,  will  verify 
its  position. 

The  opposite  angles  of  the  quadrilateral  adce  being  sapple- 
mentary,  angle  ace  and  angle  ode  are  subtended  by  the  same 
chord  ae  and  cae  and  cde  are  subtended  by  the  same  chord 
ce ;  consequently,  the  intersection  of  ae  and  ce  at  e  must  fall 
on  tbe  line  d&;  or,  tbe  segments  of  two  intersecting  chords 
in  a  circle  being  reciprocally  proportional,  the  triangles  od/and 
ce/  are  similar,  and  the  triangles  cdf  and  a€f  are  similar,  and 
d,f,  and  e  most  be  in  a  right  line  passing  through  b. 

316.  Determination  of  Petition  by  Kesection  oa  Two  Known 
Points.     This  is  called  the  two-point  problem,  there  being  given 
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by  their  projections  a,  b,  two  points  A  and  B,  to  put  the  plane- 
table  in  position  at  a  third  point  C.  (The  capital  letters  refer 
to  points  on  the  gronnd,  and  the  small  ones  to  their  correspond- 
ing projections.) 

Select  a  fourth  point  D,  snch  that  the  ioterseclioDe  from  O 
and  D  npon  A  and  B  make  snfHcientiy  large  angles  for  good 
determinations.  Pnt  the  table  approximately  in  position  at  D, 
by  estimation  or  by  compass,  and  draw  tlie  lines  Aa,  Bb,  inter- 
secting in  d ;  through  d  draw  a  line  to  C.  Then  set  up  at  C, 
and  assuming  the  point  c  on  the  line  dC  at  an  estimated  dis- 
tance from  d,  and  putting  tbu  table  in  a  position  parallel  to  that 
which  is  occupied  at  D,  by  means  of  the  line  cd,  draw  the  lines 
from  c^  A,  and  f  i-om  c  to  B.  These  will  intersect  the  lines  dA, 
dB,  at  points  a'  and  V,  which  form  with  c  and  d  a  quadrilateral 
rimUar  to  the  true  one,  but  erroneous  in  size  and  position. 


The  angles  which  the  lines  db  and  a'h'  make  with  each  other 
is  the  error  in  position.  By  constructing  now  through  c  a  line 
cd'y  making  the  same  angle  witb  cd  as  that  which  ad  makes  with 
a'b',  and  directing  this  line  cd'  to  D,  the  table  will  be  brought 
iuto  position,  and  the  tme  point  c  can  be  found  by  the  inter- 
sections of  oA  and  bB. 

Instead  of  transferring  the  angle  of  error  by  construction,  we 
may  convenientiy  proceed  as  follows,  observing  that  the  angle 
which  the  line  a'b'  makes  with  ab  is  the  error  in  the  position  of 
the  table.  As  the  table  now  stands,  a'b'  in  parallel  with  AB, 
but  we  want  to  turn  it  so  that  ab  shall  be  parallel  to  the  same. 
.If,  therefore,  we  place  the  alidade  on  a'b',  and  set  up  a  mai^ 
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in  that  clirection,  then  place  the  alidade  on  ab,  and  torn  the 
table  ODtil  it  again  points  to  the  mark,  then  a&  viU  be  parallel 
to  AB,  and  the  table  is  in  position. 

317.  Piaotioal  Bnggntioiu  in  adng  tlie  Plaiw-Table.*  The 
board  ahonld  be  placed  so  low  as  to  be  readilj  reached,  even 
at  the  most  remote  oomer,  and  yet  high  enough  to  enable  tiie 
observer  to  take  sight  with  comfort.  This  will  bring  it  a  little 
below  the  elbow. 

Care  must  be  taken  that  no  part  of  tiie  bod;  touch  or  rest 
i^ainst  the  edge  of  the  board.  In  naing  the  alidade,  steady 
the  etandai'd  with  the  left  hand,  while  the  right  swings  the  rear 
end  of  the  raler  in  the  proper  direction. 

Thamb-tacks  and  rollers  for  holding  down  the  sheet  are  both 
found  objectionable,  especially  in  high  winds.  The  edges  may 
be  pasted  underneath,  or  spring  damps  may  be  used  to  advan- 
tage. A  scale  graduated  apon  the  fiducial  edge  of  the  alidade 
is  inconvenient,  and  in  some  poeitions  impracticable  and  waste- 
ful of  time.  A  detached  triangular  boxwood  or  metal  scale  is 
greatly  to  be  preferred.  Umbrellas  or  shades,  whilst  a  great 
relief  to  the  eyes,  are  cumbersome  and  troublesome,  and  by 
blowing  over  on  the  table  may  cause  damage  or  derangement 
Colored  glasses  screening  the  eyes  will  be  better,  and  by  naing 
tinted  paper,  as  manilla,  instead  of  white,  still  more  relief  is 
given,  and  the  sheet  can  be  kept  cleaner. 

Before  leaving  the  station,  and  at  any  intervals  not  otherwise 
employed,  the  "  check"  shots  should  be  tested  to  determine  any 
displacement  of  the  board. 

Use  as  hard  a  pencil,  and  make  as  few  lines,  as  possible. 
In  locating  points  of  contours,  plot  the  distance  at  once  along 
the  edge  of  ruler  by  detached  scale,  making  only  a  dot  at  the 
point  which  should  receive  the  number  of  the  contour. 

Objects  on  a  straight  line  may  be  quickly  located  by  plotting 
the  ends  and  deteimining  the  intermediate  points  by  intersecting 
shots. 

"  From  7^  Topoffrapher,  by  L.  M.  Hanpt,  C.E.,  Philadelphia. 
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EXERCISES  WITH  THE  PLANE-TABLE. 

1.  Make  &  plane-table  survey  of  a  field,  using  one  aide  as  a 
base  line. 

2.  Make  a  suirey  embracing  200  or  300  rods  of  a  road  or 
stream,  locating  prominent  objects  on  either  side. 

3.  Locate  several  points  OQ  the  table  by  intersections,  and 
check  tbe  work  by  resection  from  these  points. 

4.  Locate  a  non-plotted  point  by  reeection  on  three  known 
points — first  method ;  check  by  Bessel'a  method. 
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THE  BnSVET-  OF  TEE  FUBLIO  LANDS  OF  THE  UHITED 
STATES. 


TEB  BOLAB  OOMFASB. 

318.  A  description  of  the  Solar  Compass,  the  Instrament 
that  is  extensivelj  used  in  the  survey  of  the  public  lands,  its 
adJuBtinent  and  use,  -will  be  given  before  describiDg  the  method 
employed  by  the  government  in  these  surveys. 

This  instrument,  so  ingeniously  contrived  for  readily  deter- 
mining a  tme  meridian  or  north  and  south  line,  was  invented 
by  William  A.  Burt,  of  Michigan,  and  patented  by  him  in  1836. 

It  has  since  come  into  general  use  in  tjie  surveys  of  United 
States  public  lands,  the  principal  lines  of  which  are  required  to 
be  run  with  reference  to  the  true  meridian. 

The  arrangement  of  its  sockets  and  plates  is  similar  to  that 
of  the  Surveyor's  Transit,  as  shown  in  Chapter  II.  Section  I., 
except  that  tiie  sight-raues  are  attached  to  the  under  plate  or 
limb,  and  this  revolves  around  the  upper  or  vernier  plate  on 
which  the  solar  ^paratua  is  placed. 

The  limb  is  divided  to  half-degrees,  is  figured  in  two  tows, 
as  usual,  and  reads  by  the  two  opposite  verniers  to  single 
minutes. 

The  Solak  Apfari.ttts. 

319.  The  Solar  Apparatus  is  seen  in  the  place  of  the  needle, 
and  in  fact  operates  as  its  substitute  in  the  field. 

It  consists  mainly  of  three  arcs  of  circles,  by  which  can  be 
set  oS  the  latitude  of  a  place,  the  declination  of  the  sun,  and 
the  hour  of  the  day. 
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These  area,  designated  in  the  oat  by  the  letters  a,  b,  taai 
c,  ore  therefore  termed  the  Utitade,  {be  declination,  and  the 
hour  arcs  respectively. 

320.  The  Latitude  Arc  a  has  its  centre  of  motion  in  two 
pivots,  one  of  which  is  eeen  at  d ;  the  other  is  concealed  in  the 
cat. 

It  is  moved  either  up  or  down  within  a  hollow  arc,  seen  in 
the  cut,  by  a  tangent-screw  at  /,  and  is  securely  fastened  in 
any  position  by  a  clamp-screw. 

The  latitude  arc  is  graduated  to  quarter-d^rees,  and  reads 
by  its  vernier  e  to  single  miautes;  it  has  a  range  of  ationt 
85  degrees,  so  as  to  Im  adjustable  to  the  latitude  of  any  place 
in  the  United  States. 

321.  The  Deelinatioit  Axe  b  is  also  graduated  to  quarter- 
degrees,  and  has  a  range  of  about  28  degrees. 

Its  vernier  v,  readiog  to  single  minutes,  is  fixed  to  a  movable 
arm  h,  having  its  centre  of  motion  at  the  end  of  the  declination 
arc  at  g ;  the  arm  is  moved  over  the  surface  of  the  declination 
arc,  and  its  vernier  eet  to  any  reading  by  taming  the  bead  of 
the  tangent-screw  A;.  It  is  also  securely  clamped  in  any  posi- 
tioQ  by  a  screw,  concealed  in  the  engraving. 

322.  Solar  Leniei  and  Lines.  At  each  end  of  the  arm  k  ia 
a  rectangular  block  of  brass,  in  which  is  set  a  small  convex 
lens,  having  its  focns  on  the  surface  of  a  little  silver  plate  A 
(mai^nal  figure) ,  fastened  by  screws  to  the  inside  of  the  oppo- 
site block. 

On  the  surface  of  the  plate  are  marked  two  sets  of  lines 

intersecting  each  other  at  right  angles ;    of 

...      these  bb  are  termed  the  hour  lines,  and  cc  the 


2L. 


^ 


equatorial  lines,  as  having  reference  respec- 
tively to  the  hour  of  the  day  and  the  position  of 
tile  son  in  relation  to  the  equator.  In  the  cut  the  equatorial 
lines  are  those  on  the  lower  block,  parallel  to  the  surface  of  the 
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hour  arc  c ;  the  honr  lines  are  of  course  tboee  at  right  angles 
to  the  first. 

323.  Xqnatorial  Bighti.  On  the  top  of  each  of  the  reo- 
taogular  blocks  is  seen  a  little  sighting-piece,  termed  the  equa- 
torial sight,  fastened  to  the  block  by  a  small,  milled  head-screw, 
so  as  to  be  detached  at  pleasure. 

They  are  used,  as  vill  be  explained  hereafter,  in  adjusting 
the  different  parts  of  the  solar  apparatus. 

324.  The  Hoar  Are  c  is  supported  by  the  two  pivots  of  the 
latitude  arc  already  spoken  of,  and  is  also  connected  with  that 
arc  by  a  curved  arm,  as  shown  in  the  figure. 

The.  hour  arc  has  a  range  of  about  120°,  is  divided  to  half- 
degrees,  and  figured  in  two  series,  designating  both  the  hours 
and  the  degrees,  the  middle  division  being  marked  12  and  90 
on  either  side  of  the  graduated  lines. 

325.  The  Polar  Asia.  Through  the  centre  of  the  boor  arc 
passes  a  hollow  socket  p  containing  the  spindle  of  the  declina- 
tion arc,  by  means  of  which  this  arc  can  be  moved  from  side  to 
side  over  the  surface  of  the  hour  arc,  or  turned  completely  round, 
as  may  be  required. 

The  hour  arc  is  read  by  the  lower  edge  of  the  graduated  side 
of  the  declination  arc. 

The  axis  of  the  declination  arc,  or  indeed  the  whole  socket 
p,  is  appropriately  termed  the  polar  axis. 

326.  The  Adjmter.  Besides  the  parts  shown  in  the  CQt, 
there  is  also  an  arm  used  in  the  adjustment  of  the  instrument 
as  described  hereafter,  but  Itud  aside  in  the  box  when  that  is 


The  parts  just  described  constitute  properly  the  solar 
apparatus. 

Besides  these,  however,  are  seen  the  needle-box  n  vrlth  its 
arc  and  tangent  screw  t,  and  the  spirit  levels,  for  bringing  the 
whole  instrument  to  a  horizontal  position. 
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327.  Tlie  Veedlfr-Box  n  hu  an  axe  ot  about  86  degrees  in 
extent,  divided  to  half-degrees,  and  flgored  from  the  centre  or 
zero  m&rk  on  either  side. 

The  needle,  which  is  made  as  in  other  instraments,  except 
tbat  the  arms  are  of  unequal  lengths,  is  raised  or  lowered  b;  a 
lever  shown  in  the  cut. 

The  needle-box  is  attached  by  a  projecting  arm  to  a  taogent- 
Bcrew  t,  by  which  it  is  moved  abont  its  centre,  and  its  needle 
set  to  any  variation. 

Thifl  variation  is  also  read  off  by  the  vernier  on  the  end  of 
the  projecting  arm,  reading  to  three  minutes  a  graduated  arc, 
attached  to  the  plate  of  the  compass. 

328.  The  Levels  seen  with  the  solar  apparatus  have  ground- 
glass  vials,  and  are  adjustable  at  their  ends  like  those  of  other 
instruments. 

The  edge  of  the  circnlar  plate  on  which  the  solar  work  is 
placed  is  divided  aad  figured  at  intervals  of  10  decrees,  and 
numbered,  as  shown,  from  0  to  90  on  each  side  of  the  Une  of 
sight. 

These  graduations  are  used  in  connection  with  a  little  brass 
pin,  seen  in  the  centre  of  the  plate,  to  obtAin  approximate 
beariugs  of  lines,  which  are  not  important  enough  to  require  a 
close  observation. 

329.  Linei  of  Befnctiu.  The  inside  faces  of  the  sights  are 
also  graduated  and  figured,  to  indicate  the  amount  of  refraction 
to  be  allowed  when  the  sun  is  near  the  horizon. 


Principles  of  the  Solar  Cohpasb. 

330.  The  interval  between  two  equatorial  lines  cc,  in  flgare 
on  page  276,  as  well  as  between  the  hour  lines  bb,  is  just  suffi- 
cient to  include  the  circular  image  of  the  sun,  as  formed  by  the 
solar  lens  on  the  opposite  end  of  the  revolving  arm  A,  figure 
on  page  277. 
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When,  therefore,  the  iDBtmnieDt  ie  made  perfectly  horizontal, 
the  equatorial  lines  and  the  opposite  leneee  being  accurately 
adjusted  to  each  other  by  a  prerioos  operation,  and  the  aun'a 
image  brought  within  the  equatorial  lines,  his  position  in  the 
heavens,  with  reference  to  the  horizon,  will  be  defined  with 
precision. 

Suppose  the  obserration  to  be  made  at  the  time  of  one  of 
the  equinoxes ;  the  arm  h,  set  at  zero  on  the  declination  arc 
b ;  and  the  polar  axis  p,  placed  exactly  parallel  to  the  axis  of 
the  earth. 

Then  the  motion  of  the  arm  h,  if  revolved  on  the  spindle  of 
the  dectinatdon  arc  aronnd  the  hour  circle  c,  will  exactly  corre- 
spond with  the  motion  of  the  sun  in  the  heavens,  on  the  given 
day  and  at  the  place  of  observation ;  so  that  if  the  son's  image 
was  brought  between  the  lines  cc  in  the  morning,  it  woald 
continue  in  the  same  position,  paasing  neither  above  nor  below 
the  lines,  as  the  arm  waa  made  to  revolve  in  imitation  of  the 
motion  of  Uie  sun  about  the  earth. 

In  the  morning,  as  the  sun  rises  from  the  horizon,  the  arm  k 
will  be  in  a  position  nearly  at  right  angles  to  that  shown  in  the 
cnt,  the  lens  being  turned  towards  the  bud,  and  the  silver  plate 
on  which  his  image  is  thrown  directly  opposite. 

As  the  sun  ascends,  the  arm  must  be  moved  around,  until 
when  be  has  reached  the  meridian,  the  graduated  side  of  the 
declination  arc  will  indicate  12  on  the  hour  circle,  and  tbe  arm 
k,  the  declination  arc  b,  and  the  latitude  arc  a  will  be  in  tbe 
same  plane. 

Ab  the  sun  declines  from  the  meridian,  the  arm  A  must  be 
moved  in  the  same  direction,  until  at  sunset  its  position  will  be 
the  exact  reverse  of  that  it  occupied  in  the  morning. 

331.  AUowuoe  for  Declination.  Let  us  now  suppose  the 
observation  made  when  the  sun  has  passed  the  equinoctial  point, 
and  when  his  position  is  affected  by  declination. 

By  referring  to  the  almanac,  aud  setting  off  on  the  arc  his 
declination  for  the  given  day  and  hour,  we  are  still  able  to 
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determine  his  position  with  the  same  certainty  as  if  be  remained 
on  the  equator. 

WheD  the  sod's  declination  is  south,  that  is,  from  the  22d 
of  September  to  the  20th  of  March  in  each  year,  the  arc  b  is 
turned  towards  the  plates  of  the  compass,  as  shown  in  the  en- 
graving, and  the  solar  leas  o,  with  the  silver  plate  opposite, 
are  made  use  of  in  the  surveys. 

The  remainder  of  the  year  the  arc  is  turned  from  the  plates, 
and  the  other  lens  and  plate  employed. 

When  the  solar  compasB  is  accurately  adjasted,  and  its  plates 
.  made  perfectly  horizontal,  the  latitude  of  the  place,  and  the 
declinatioD  of  tbe  sun  for  the  given  day  and  hour,  being  also 
aet  off  on  the  respective  arcs,  the  image  of  the  »un  cannot  be 
brought  between  the  egualoriai  lines  utUU  the  polar  casts  i»  placed 
in  the  plane  of  the  meridian  of  the  place,  or  in  a  position  parallel 
to  the  axis  of  the  earth.  The  slightest  deviation  from  this  posi- 
tion will  cause  the  image  to  pass  above  or  below  the  lines,  and 
thus  discover  the  error. 

We  thus,  ftom  the  position  of  the  snn  in  the  solar  system, 
obtain  a  certain  direction  absolutely  unchangeable,  from  which 
to  run  our  lines  and  measure  the  horizontal  angles  required. 

This  simple  principle  is  not  only  tbe  basis  of  the  conatmction 
of  the  solar  compass,  but  the  sole  cause  of  its  saperiority  to  tbe 
ordinary  or  magnetic  instrument.  Foi-  in  a  needle  instrument 
the  accuracy  of  the  horizontal  angles  indicated,  and  therefore 
of  all  the  observations  made,  depends  upon  "  tbe  delicacy  of 
the  needle,  and  tbe  constancy  with  which  it  assumes  a  certtkin 
directiou,  termed  the  magnetic  meridian." 

The  principal  causes  of  error  in  the  needle,  briefly  stated,  are 
tbe  dulling  of  tbe  pivot,  tbe  loss  of  polarity  in  the  needle,  the 
influence  of  local  attraction,  and  tbe  effect  of  tbe  sun's  rays, 
producing  the  diurnal  variation. 

From  all  these  imperfections  the  solar  instrument  is  free. 

The  sights  and  the  graduated  limb  being  adjusted  to  the  solar 
apparatus,  and  the  latitude  of  the  place  and  the  declination  of  the 
sua  also  set  off  upon  the  respective  arcs,  we  are  able  not  only 
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to  rnn  the  true  meridian,  or  a.  due  eaat  and  west  coarse,  but 
also  to  set  off  the  horizontal  angles  with  imnnt«Dess  aod  ac- 
curacy from  a  direction  which  never  changes,  and  is  unaffected 
by  attraction  of  an;  kind. 

To  Adjust  the  Solar  Compass. 

The  adjustments  of  this  instrument,  with  which  the  surveyor 
will  bave  to  do,  are  simple  and  few  in  number,  and  will  now 
be  given  in  order. 

332.  To  Adjnvt  the  Levels.  Proceed  precisely  as  directed  in 
the  account  of  the  other  iDstruments  we  bave  described,  by 
bringing  the  bubbles  into  the  centre  of  the  tubes  by  the  level- 
ling-Bcrews  of  the  tripod,  and  then  reversing  the  instrument 
Upon  its  spindle,  and  raising  or  lowering  the  ends  of  the  tubes, 
until  the  bubbles  will  remain  in  the  centre  daring  a  complete 
revolution  of  the  instrument. 

333.  To  Adjnit  tlie  Equatorial  liaei  and  Solar  Lenw*. 

First  detach  the  arm  h  from  the  declination  arc  by  withdrawing 
the  screws  shown  in  the  cut  from  the  ends  of  the  posts  of  the 
tongent-ecrew  k,  and  also  the  clamp-screw,  and  the  conical 
pivot  with  its  small  screws  by  which  the  arm  and  declination 
arc  are  connected. 

The  arm  h  being  thus  removed,  attach  the  adjuster  in  its 
place  by  replacing  the  conical  pivot  and  screws,  and  insert  the 
clamp-screw  so  as  to  clamp  the  adjuster  at  any  point  on  the 
declination  arc. 

Now  level  the  instmment.  place  the  arm  h  on  the  adjuster, 
with  the  same  side  resting  against  the  surface  of  the  declination 
arc  as  before  it  was  detached.  Turn  the  instrument  on  its 
spindle  so  as  to  bring  tbe  solar  lens  to  be  adjusted  in  the  diree> 
tion  of  the  sun,  and  raise  or  lower  the  adjuster  on  the  declina- 
tion  arc,  until  it  can  be  clamped  in  such  a  position  as  to  bring 
the  sub's  image  as  near  as  may  be  between  the  equatorial  lines 
on  the  opposite  silver  plate,  and  bring  the  image  precisely  into 
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position  by  the  tangent  of  the  latitude  are  oi  the  levelling- 
screws  of  the  tripod.  Then  carefully  turn  the  arm  half-way 
over,  untQ  it  rests  upon  the  adjuster  by  the  opposite  faces  of 
the  rectangular  blocks,  and  again  observe  the  position  of  the 
sun's  image. 

If  it  remains  between  the  lines  as  before,  the  lens  and  plate 
are  iu  adjustment ;  if  not,  loosen  the  three  ^rews  which  con- 
fine the  plate  to  the  block,  and  move  the  plate  under  their 
heads,  until  one-half  the  error  in  the  position  of  the  sun's  image 
is  removed. 

Again  bring  the  image  between  the  lines,  and  repeat  the 
operation  until  it  will  remiun  in  the  same  situation,  in  botii 
positions  of  the  arm,  when  the  adjustment  will  be  completed. 

To  adjust  the  otlicr  lens  and  plate,  reverse  the  arm  end  for 
end  on  the  adjuster,  and  proceed  precisely  as  in  the  former  case, 
until  the  same  result  is  attained. 

Id  tightening  the  screws  over  the  silver  plate,  care  must  be 
taken  not  to  move  the  plate. 

This  adjustment  now  being  complete,  the  adjuster  should  be 
removed,  and  the  ann  h  with  its  attachments  replaced  as 
before. 

334.  To  Adjust  tlu  Vernier  of  the  Deolinatioii  Are.  Hav- 
ing levelled  the  instrument,  and  turned  its  lens  in  the  direction 
of  the  sun,  clamp  to  the  spindle,  and  set  the  vernier  v  of  tiie 
declinatiou  arc  at  zero,  by  means  of  the  tangent-screw  at  k, 
and  clamp  to  the  arc. 

See  that  the  spindle  moves  easily  and  yet  truly  in  the  socket, 
or  polar  axis,  and  raise  or  lower  the  latitude  arc  by  turning  tlie 
tangent-screw/,  until  the  sun's  image  is  brought  between  the 
equatorial  lines  on  one  of  tl^e  plates.  Clamp  the  latitude  arc 
by  the  screw,  and  bring  the  image  precisely  into  position  by 
the  levelling-screwB  of  the  tripod  or  socket,  and  without  dis- 
turbing the  instrument,  carefully  revolve  the  arm  A,  until  tiie 
opposite  lens  and  plate  are  brought  in  the  direction  of  the  enn, 
and  note  if  the  sun's  image  comes  between  the  lines  as  before. 
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If  it  does,  there  Is  no  index  error  of  the  declination  arc ;  if 
not,  with  the  taogentrscrew  k,  move  the  arm  until  ttie  ann'B 
image  paaeee  over  half  the  error;  again  bring  the  image  be- 
tween the  lines,  and  repeat  the  operation  as  before,  ontil  liie 
image  will  occupy  the  same  position  on  both  the  plates. 

We  shall  now  find,  however,  that  the  zero  marks  on  the  arc 
and  the  remier  do  not  coTrespond,  and  to  remedy  this  error, 
the  little  flat-head  screws  above  the  vernier  mast  be  loosened 
nntU  it  can  be  moved  so  as  to  make  the  zeros  coincide,  when 
the  operation  wUl  be  completed. 

335-  To  Adjust  the  Solar  Apparatni  to  the  Compau  Sightt. 
First  level  the  instrument,  and  with  the  clamp  and  tangent  screws 
set  the  main  plate  at  90°  by  the  verniers  and  horizontal  limb. 
Then  remove  the  clamp-ecrew,  and  raise  the  latitude  arc  until 
the  polar  axis  is  by  estimation  very  nearly  horizontal,  and  if 
neceeaary,  tighten  the  Bcrew§  on  the  pivots  of  the  arc,  so  as  to 
retain  it  in  this  position. 

Fix  Hie  vernier  of  the  declination  arc  at  zero,  and  direct  the 
equatorial  sights  to  some  distant  and  well-marked  object,  and 
observe  the  same  through  the  compass  eights.  If  the  same 
object  is  seen  through  both,  and  the  verniers  read  to  90°  on  the 
limb,  Qie  adjustment  is  complete ;  if  not,  the  correction  must 
be  made  by  moving  the  eighte  or  changing  the  position  of  the 
verniers. 

To  Use  the  Solas  Cohfass. 

336.  Before  tiiis  instrument  can  be  used  at  any  given  place, 
it  is  necessary  to  set  off  upon  ita  arce  both  the  declination  of  the 
BUD  as  affected  by  its  refraction  for  the  given  day  and  hour,  and 
the  latitude  of  the  place  where  the  observation  is  made. 

337.  To  Set  off  the  Doolination.  The  declination  of  the  sun, 
given  in  the  ephemeris  of  the  Nautical  Almanac  from  year  to 
year,  is  calculated  for  apparent  noon  at  Greenwich,  England, 
or  Washington,  D.C. 

To  determine  it  for  any  otlier  hour  at  a  place  in  the  United 
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States,  reference  must  be  had,  not  only  to  the  diflereaoe  of  tim& 
arising  from  the  longitude,  but  also  to  the  change  of  declination 
from  day  to  day. 

By  the  use  of  standard  time,  which  la  now  quite  general 
throoghout  the  United  States,  it  is  very  easy  to  obtain  the 
declination  required  at  any  place. 

For  those  using  75th  meridian  time,  a  difference  of  five  hours 
must  be  allowed  for  the  difference  in  declination  between  the 
place  of  observation  and  Greenwich. 

The  time-piece  referred  to  the  7dth  meridian  aa  atandard  in- 
dicating 7  A.u.  when  it  is  noon  at  Greenwich. 

Where  the  90tli  meridian  is  used  as  standard,  six  hours  must 
be  allowed,  etc. 

To  obtain  the  declination  for  the  other  hoars  of  the  day,  take 
from  the  almanac  the  declination  for  apparent  noon  of  the  given 
day,  and,  as  the  declination  is  increasing  or  decreasing,  add  to 
or  subtract  from  the  declination  of  the  first  hour  the  difference 
for  one  hour  as  given  in  the  ephemeris,  which  will  give,  when 
affected  by  the  refraction,  the  declinatjon  for  the  succeeding 
hour ;  and  proceed  thus  in  making  a  table  of  the  dedination  for 
every  hour  of  the  day. 

338-  Bcfraetion.  By  reason  of  the  increasing  density  of  the 
atmosphere  from  its  upper  regions  to  the  earth's  surface,  the 
rays  of  light  from  the  sun  are  bent  out  of  their  course,  so  as  to 
make  his  altitude  appear  greater  than  is  actually  the  case. 

The  amount  of  refraction  varies  according  to  the  altitude  of 
the  body  observed ;  being  0  when  it  la  in  the  zenitli,  abont  one 
minute  when  midway  from  the  horizon  to  the  zenitii,  and  almost 
34'  when  in  the  horizon. 

339.  Effect  ti  Incidental  Bcfraetion.  It  will  be  seen  by 
referrii^  to  the  instrument,  that  the  effect  of  tlie  ordinary 
refraction  upon  the  position  of  the  snn's  image  with  reference 
to  tiie  equatorial  lines,  which,  in  fact,  are  the  only  ones  to  be 
regarded  in  running  lines  with  the  solar  compass,  is  continually ' 
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changing,  not  only  with  the  change  of  latitude,  but  also  with 
that  of  the  sun's  declination  from  hour  to  hour,  and  the  motion 
of  the  revolving  arm  as  it  follows  the  sun  in  its  daily  revolution. 

If  the  equatorial  lines  were  always  in  the  same  vertical  plane 
with  the  aun,  aa  would  be  the  case  at  the  equator  at  the  time  of 
the  equinoxes,  it  is  evident  that  refraction  would  have  no  effect 
upon  the  position  of  the  image  between  these  lines,  and  Uiere- 
fore  would  not  be  of  any  importance  to  the  surveyor. 

But  aa  we  pixxieed  further  north,  and  as  the  sun's  declination 
to  the  south  increases,  the  refraction  also  increases,  and  must 
now  be  taken  into  account. 

Again,  the  angle  which  the  equatorial  lines  make  with  the 
horizon  is  continually  changing  aa  the  arm  is  made  to  follow 
the  motion  of  the  sun  during  the  course  of  a  day. 

Thus,  in  the  morning  and  evening  they  are  more  or  less 
inclined  to  the  horizon,  while  at  noon  they  are  exactly  parallel 
to  it. 

And  thus  it  follows  that  the  excess  of  refraction  at  morning 
and  evening  ia  in  some  measure  balanced  by  the  fact  that  the 
position  of  the  sun's  image  with  reference  to  the  equatorial  linee 
is  then  lesa  affected  by  it,  on  account  of  the  greater  inclination 
of  the  lines  to  the  horizon. 

340.  Allowanoe  for  Befraetum.  The  proper  allowance  to  be 
made  for  refraction  in  setting  off  the  declination  of  the  sun 
upon  the  solar  compass  for  any  hour  of  any  day  of  the  year  is 
given  in  tlie  following  table : 
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A  TABLE  OF  MEAN  REFRACTIOHS  IB  DECLINATION. 
To  appl;  on  the  decliiiation  arc  of  SoUr  Attachment  of  either  Compau 


1 

1 

DECLIMATI0S8, 

Fob  Latttddb  80°. 

+  ao° 

+  1B* 

+  10= 

+  6° 

0" 

-B" 

-10° 

-16° 

-ao» 

Oh. 

10" 

15" 

21" 

27" 

33" 

40" 

48" 

57" 

1'08" 

2 

14 

10 

26 

31 

38 

46 

54 

1-05 

118 

8 

20 

26 

32 

39 

47 

66 

I'oa 

119 

136 

4 

32 

88 

46 

62 

I'Ofl 

I'lO 

186 

167 

2  20 

6 

im 

I'lO 

1'24 

1'62 

2  07 

244 

346 

643 

1306 

Fob  LiTinn»  W  W. 

Oh. 

13" 

18" 

24" 

30" 

36" 

44" 

62" 

1'02" 

1'14" 

2 

n 

22 

28 

35 

42 

60 

I'OO 

111 

126 

3 

28 

20 

36 

43 

61 

I'Ol 

113 

128 

147 

4 

86 

43 

51 

I'Ol 

1'13 

127 

146 

213 

264 

5 

1-03 

1'16 

1'81 

163 

2  20    1  3  06 

426 

736 

Fob  LiTiTDiii  86°. 

Oh. 

16" 

21" 

27" 

33" 

40" 

48" 

67" 

1'08" 

1'21" 

2 

20 

26 

82 

38 

46 

65 

1'06 

118 

136 

8 

26 

83 

80 

47 

56 

IW 

121 

138 

2M 

4 

39 

47 

66 

IW 

I'M 

186 

169 

232 

325 

6 

1'07 

I'M 

1'88 

200 

234 

329 

614 

1016 

Fob  LATiTni>BS7°a}'. 

Oh. 

18" 

24" 

80" 

36" 

44" 

52" 

1'02" 

1'14' 

1'20" 

2 

22 

28 

.    85 

42 

60 

im 

112 

126 

146 

3 

29 

86 

43 

62 

I'oa 

114 

129 

149 

2  16 

4 

48 

51 

1*01 

1'13 

127 

149 

214 

264 

406 

5 

I'll 

1^ 

146 

210 

2  40 

3  66 

616 

14  68 

•  Computea  by  Edward  W,  Arms,  C.E.,  for  W.  uid  L.  E.  Gnrley, 
Troy,  N.y. 
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1 

UUL'LIKATIOITS. 

Fob  LATimiB  40°. 

+  30" 

+  16" 

+  10= 

+  6= 

0° 

-6" 

-10= 

-16' 

-ao= 

Oh. 

21" 

27" 

83" 

40" 

48" 

67" 

IW 

1'21" 

1'39" 

2 

26 

» 

80 

46 

62 

I'oe 

119 

136 

167 

8 

83 

40 

48 

57 

1'08 

121 

138 

202 

28a 

i 

47 

66 

1-06 

1'19 

136 

168 

230 

3  21 

459 

6 

116 

l-Sl 

161 

220 

306 

4  26 

734 

2618 

Fob  Latttcdi  41°  30'.                                                    1 

Oh. 

24" 

80" 

3d" 

44" 

62" 

1-02" 

1'14" 

1120" 

1'49" 

2 

28 

36 

39 

GO 

I'OO 

112 

126 

145 

2  11 

3 

30 

43 

62 

1'02 

113 

129 

140 

2  17 

266 

4 

60 

I'OO 

I'll 

126 

144 

2  10 

2  49 

366 

6  16 

fi 

I'la 

ISO 

168 

230 

322 

600 

9  24 

Fob  Linmii  U°. 

Oh. 

27" 

38" 

40" 

48" 

67" 

t'oe" 

I'ai" 

1'39" 

2'02" 

2 

82 

80 

46 

62 

1*06 
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Explanation  of  the  Table  of  Refbactions.* 

The  table  is  calculated  for  latitudes  between  30°  and  50°  at 
interrsls  of  2^',  tttat  being  aa  near  as  is  reqaired. 

The  declination  ranges  from  0  to  20°,  both  north  and  soath, 
the  +  declinations  being  north,  and  —  south,  and  is  given  tor 
every  5  degrees,  that  being  aufflciently  near  for  all  practical  pnr- 
poses. 

The  hour  angle  in  the  first  colnmn  indicates  the  distance  of 
the  sun  from  the  meridian  in  honra,  the  refraction  given  for  0 
hours  being  that  which  affects  the  observed  declination  of  the 
snn  when  on  the  meridian,  commonly  known  as  meridional  re- 
A-action  ;  the  refraction  for  the  hours  just  l>efore  and  after  noon 
is  BO  nearly  that  of  the  meridian,  that  it  may  be  called  and 
allowed  as  the  same. 

When  the  table  is  used,  it  must  be  borne  in  mind  that  when 
the  declination  is  north  or  +  in  the  table,  the  refraction  is  to 
be  added ;  when  the  declination  is  south  or  —  the  refraction 
must  be  subtracted. 

It  will  be  noticed  that  the  refyaction  in  south  or  —  declina- 
tion increases  very  rapidly  as  the  sua  nears  the  horizon,  show- 
ing  that  observations  should  not  be  taken  with  the  sun  when 
south  of  the  equator,  less  than  one  hour  from  the  horizon. 

Thus,  suppose  it  be  required  to  obtain  the  declinatjon  for  any 
hoar  in  the  day,  April  16,  1887,  at  Bttsbui^,  Pa.,  where  75th 
meridian  time  is  used.  . 

The  difference  in  time  is  5  hours,  so  that  the  declination 
given  in  the  ephcmeris  for  apparent  noon  of  that  day  at  Green- 
wich would  be  that  of  7  a.m.  at  Fittsbm^.     Proceed  as  follows : 

Declination  at  Greenwich,  mean  noon,  April  16,  1887, 
N.  10°  6'  29" 

Add  1'  51"=refract'nfor5  hrs.  [lat.  Pittsburg  40°28']. 

Or,  N.  10°  8'  20"  =dec.  7  a-k .  at  Kttsbui^. 
*  See  alio  Refraction  Table,  page  03. 
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To  get  the  declin&tion  for  8  o'clock,  same  day  and  place,  add 
53",  the  difference  for  one  hour  —  becauM  the  declination  is 
increasing  —  to  the  declination  taken  from  the  almanac,  and 
this  increased  bj  the  refraction  corresponding  to  4  bonrs  from 
noon  will  give  10°  8'  28"  for  the  required  declination. 

Ag«n,  sappose  it  be  desired  to  obtain  the  corrected  dec- 
lination for  8  A.H.  Oct.  15,  1887,  same  place. 

The  declination  being  now  south,  the  re&action  is  to  be  sub- 
tracted, but  the  hourly  difference  ia  to  be  added  because  the 
declination  is  increasing,  as  in  the  first  example ;  thus : 
Declination  at  Greenwich,  mean  noon,  Oct.  15,  1887, 
S.  8°  30'  20" 
Add  56"=dec.  for  1  hr.,  and  increasing. 

S.  8°  31'  16" 
Subtract  2'  23"=  refr.  i  hrs.  from  noon. 


Or,  8.  8°  28'  53"=  dec.  at  8  a.m.  ; 

and  so  on  for  any  bonr  in  the  day,  obtaining  from  the  declina- 
tion at  Greenwich,  by  the  proper  applicalioD  of  the  hourly 
motion,  the  declination  correspondiDg  to  the  hour  required,  and 
correcting  this  for  refraction  due  to  altitude. 

To  facilitate  operations,  the  calculation  of  the  declination  for 
the  different  hours  of  the  day  should  be  made  and  not«d  before 
the  surveyor  commeuces  his  work. 

341.  To  Set  off  the  Latitude.  Find  the  declination  of  the 
snn  for  the  given  day  at  noon,  at  the  place  of  obsei'vation  as 
just  described,  and  with  the  tangent-screw  set  it  off  upon  the 
declination  arc,  and  clamp  the  arm  firmly  to  the  arc. 

Observe  in  the  almanac  the  equation  of  time  for  the  given 
day,  in  order  to  know  about  the  time  the  snn  will  reach  the 
meridian. 

Then,  about  fifteen  or  twenty  minntes  before  this  time,  set 
up  the  insti'ument,  level  it  carefnlly,  fix  the  divided  surface  of 
the  declination  arc  at  12  on  the  honr  (»rcle,  and  turn  the  instru- 
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meat  upon  its  spindle  until  the  solar  lens  ie  broaght  into  tbe 
direction  of  tbe  sun. 

Loosen  Uie  clamp-screw  of  the  latitude  arc,  and  with  the 
tangent-screw  raise  or  lower  tbis  arc  until  the  image  of  the  eun 
is  bronght  precisely  between  the  equatorial  lines,  and  turn  the 
instmment  from  time  to  time  so  as  to  keep  the  image  also 
between  the  hour  lines  on  the  plate. 

As  the  sun  aBcends,  its  image  will  move  below  the  lines,  and 
the  arc  mast  be  moved  to  follow  it.  Continne  thas,  keeping  it 
between  the  two  sets  of  lines  until  its  image  begins  to  pass 
above  the  equatorial  lines,  which  is  also  the  moment  of  its  pass- 
ing the  meridian. 

Now  read  off  tbe  vernier  of  the  arc,  and  we  have  the  latitude 
of  the  place,  which  is  always  to  be  set  off  on  the  arc  when  the 
compass  is  used  at  tbe  given  place. 

It  is  the  practice  of  snrveyors  using  the  solar  compass  to  set 
off,  in  tbe  manner  }nst  described,  the  latitude  of  tbe  point  where 
the  survey  begins,  and  to  repeat  t^e  observation  and  correction 
of  the  latitude  arc  every  day  when  the  weather  is  favoi-able, 
there  being  also  an  hour  at  mid-day  when  the  snn  is  so  near  the 
meridian  as  not  to  give  the  direction  of  lines  with  the  certainty 
required. 

342.  To  Bun  Linw  with  tlu  Sidar  Compui.  Having  set 
otr  in  the  manner  just  given  the  latitude  and  declination  upon 
their  respective  arcs,  the  instrument  being  also  in  adjustment, 
the  surveyor  is  ready  to  run  lines  by  the  enn. 

To  do  this,  the  iostmment  is  set  over  the  station  and  care- 
fully levelled,  the  plates  clamped  at  zero  on  the  horizontal  limb, 
and  the  sights  directed  north  and  soutb,  the  direction  being 
given,  when  unknown,  approximately  by  the  needle. 

The  solar  lens  is  then  turned  to  the  snn,  and  with  one  hand 
on  tha  instrument,  and  the  other  on  tlie  revolvii^  arm,  both 
are  moved  from  side  to  side,  until  the  sun's  image  is  made  to 
appear  on  the  silver  plate ;  when,  by  carefully  continuing  tbe 
operataon,  it  may  be  brought  precisely  between  the  equatorial 
lines. 
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Allowance  being  now  made  for  refraction,  the  line  of  sighta 
will  indicate  the  true  meridian ;  the  obBerratioa  may  now  be 
made,  and  the  flag-man  put  in  poaitioD. 

When  a  due  east  and  west  line  is  to  be  run,  the  vemiere  ot 
the  horizontal  limb  are  set  at  90°,  and  the  sun's  image  kept 
between  the  lines  as  before. 

The  solar  compass  being  so  conBtruct«d  that  when  the  snn's 
image  is  in  position  the  limb  must  be  clamped  at  0  in  order  to 
run  a  true  meridian  line,  it  will  be  evident  that  the  bearing  of 
any  line  from  the  meridian  may  be  read  by  the  verniers  of  the 
limb  precisely  ae  in  the  ordinary  magnetic  oomiAsa ;  the  bear- 
ings of  lines  are  read  from  the  ends  of  the  needle. 

'343.  TIm  of  tlte  VMdIe.  In  mnolng  lines,  tlie  magnetic 
needle  is  always  kept  with  the  snn ;  that  is,  the  point  of  tlie 
needle  ie  made  to  indicate  0  on  the  arc  of  the  compasa-box  by 
turning  the  tangent-screw  connected  with  its  arm  on  the  oppo- 
site side  of  the  plate.  By  tliis  means  the  lines  can  be  run  by 
the  needle  alone  in  case  of  the  temporary  disappearance  of  the 
sun ;  but,  of  course,  in  such  cases  the  surrcyor  must  be  sure 
that  DO  tocat  attraction  is  exerted. 

The  variation  of  the  needle,  which  is  noted  at  eveiy  station, 
is  read  off  in  degrees  and  minutes  on  the  arc,  by  the  edge  of 
which  the  vernier  of  the  needle-box  moves. 

344.  Allovauee  for  the  Earth's  Corvatnre.  When  long  lines 
are  run  by  the  eolar  compass,  either  by  the  true  meridian,  or 
due  east  and  west,  allowance  must  be  made  for  the  curvature 
of  the  earth. 

Thus,  in  mnning  north  or  south,  the  latitude  changes  about 
one  minute  for  every  distance  of  92  chains  SO  links,  and  the 
side  of  a  township  requires  a  change  on  the  latitude  arc  of  5' 
12",  the  township,  of  course,  being  six  miles  square. 

This  allowance  is  of  constant  use  where  l^e  sui-veyor  fails 
to  get  an  observation  on  the  sun  at  noon,  and  is  a  very  close 
approximation  to  the  truth. 
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In  running  due  east  and  vest,  as  in  tracing  the  standard 
parallels  of  latitude,  the  eights  are  set  at  90°  on  the  limb,  and 
the  line  is  run  at  right  angles  to  the  meridian. 

If  no  allowance  were  made  for  the  earth's  curvature,  these 
lines  would,  if  sofBciently  produced,  reach  the  equator,  to 
which  they  are  constantly  tending. 

Of  oonrse,  in  running  short  lines  either  east  or  west,  the 
variation  from  the  parallel  would  be  so  small  as  to  be  of  no 
practical  importance ;  but  when  long  sights  ore  taken,  the 
correction  should  be  made  by  taking  fore  and  back  sights  at 
every  station,  noticing  the  error  on  tiie  back-sight,  and  setting 
oS  one-half  of  it  on  the  fore-sight  on  the  side  towarda  the  pole. 

346.  Time  of  Say  hy  the  Bon.  The  time  of  day  ia  best 
ascertained  by  the  solar  compass  when  the  sun  is  on  the 
meridian,  as  at  the  time  of  making  the  observation  for  lati> 
tnde. 

The  time  thus  given  is  tliat  of  apparent  noon,  and  can  be 
reduced  to  mean  time,  by  merely  applying  the  equation  of  time 
aa  directed  in  the  almanac,  and  adding  or  subtracting  as  the 
snn  is  slow  or  fast. 

The  time,  of  course,  can  also  be  taken  before  or  aft«r  noon, 
by  bringing  the  sun's  imt^e  between  the  hour  lines,  and 
noticing  the  position  of  the  divided  edge  of  the  revolving 
arm,  with  reference  to  the  graduations  of  the  hour  circle, 
allowing  four  minutes  of  time  for  each  degree  of  the  arc,  and 
tlius  obtaining  apparent  time,  which  must  be  corrected  by  the 
equation  of  time  as  just  described. 

346.  Caution  as  to  the  False  Image.  In  using  the  compass 
upon  the  sun,  if  the  revolving  arm  be  turned  a  litUe  one  side  of 
its  proper  position,  a  false  or  reflected  imi^e  of  the  sun  will 
appear  on  the  silver  plate  in  nearly  the  same  place  as  that  occu- 
pied by  the  true  one.  It  is  caused  by  the  reflection  of  the  true 
image  from  the  surface  of  the  ann,  and  is  a  fruitfnl  source  of 
error  to  the  inexperienced  surveyor.     It  can,   however,   be 
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leadil;  distitigoiahed  from  the  real  image  by  being  mucfa  leas 
bright,  aad  not  eo  clearly  defined. 

347.  Approximate  BAuingi.  When  the  bearinge  of  lines, 
such  as  the  course  of  a  slreani,  or  the  bonndariea  of  a  foreet, 
are  not  desired  with  the  certainty  given  by  the  vemiera  and 
horizontal  limb,  a  rough  approximatioD  of  the  ingle  they  make 
with  the  true  meridian  is  obtained  by  the  divisions  on  the 
outside  of  the  circular  plate. 

In  thia  operation,  a  pencil,  or  thiu  stiwght  edge  of  any  sort, 
is  held  perpendicularly  against  the  circular  edge  of  the  plat«, 
and  moved  around  until  it  is  in  range  witti  the  eye,  the  brasa 
centre-pin,  and  the  object  observed. 

The  bearing  of  the  Une  is  then  read  off  at  the  point  where  the 
pencil  is  placed. 

34B.  Time  for  Using  th«  Bolar  Compaii.  The  solar  com- 
pass,  like  the  ordinary  instrument,  can  be  used  at  all  seaaons 
of  the  year,  the  most  favorable  time  being,  of  conrse,  in  the 
annuner,  when  the  declination  ia  north,  and  the  days  are  long, 
and  more  generally  fair.* 

OBIQIN  OF  THB  STSTDU  FOB  THE  SUBVET  OF  THE 
PUBLIC  LANDS.) 

349.  The  present  system  of  survey  of  the  pablic  lands  was 
inaugurated  by  a  committee  appointed  by  the  Continental 
Congress,  of  which  Thomas  Jefferson  was  chairman.  This 
committee,  on  May  7,  1784,  reported  an  ordinance  requiring 
public  lands  to  be  divided  into  "  hundreds  "  of  ten  ge<^raphical 
miles  square,  and  these  again  subdivided  into  lots  of  one  mile 
square,  each  to  be  numbered  from  1  to  100,  commencing  in  the 
tutrthweaem  comer  and  continuing  from  west  to  east  and  from 

•  See  Artiule  147. 

t  The  following  pagei  regarding  the  govemment  surrey  are  from 
"  IiHtractiona  of  the  General  Land  Office  to  the  Snrreyora-Oeneral  of  the 
United  Btatea  relative  to  the  Surrey  of  the  Public  Landi." 
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eaat  to  west  consecntivel;.  By  Bubsequeot  amendment,  April 
26,  1785,  the  ordinaoce  required  the  surveyors  "  to  divide  tbe 
said  territory  into  townships  of  7  miles  square,  by  lines  running 
due  north  and  south,  and  others  crossing  these  at  right  angles. 
The  plot«  of  the  townships,  respectively,  shall  be  marked  by 
enbdivisioDB  into  sections  of  1  mile  square,  or  640  acres  in  tiie 
same  direction  as  the  external  lines,  and  numJMred  from  1  to 
49,  and  these  sections  shall  be  subdivided  into  lots  of  820 
acres."  This  is  the  first  record  of  the  use  of  the  terms  "  town- 
ship"  and  "  section." 

This  ordinance  was  subsequently  still  further  amended,  and 
as  finally  passed  on  the  20th  of  May,  1-785,  provided  for  town- 
ships 6  miles  square,  containing  36  sections  of  I  mile  square. 
The  first  public  surveys  were  made  nnder  this  ordinance  by 
the  direction  of  tbe  Ge<^apher  of  the  United  States. 
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The  act  of  Congress,  ap[»x>Ted  May  18,  1796,  prorided 
for  tbe  appointment  of  a  snrreyor^neral,  and  directed 
the  survey  of  lands  northwest  of  the  Ohio  Biver,  and  above 
the  mouth  of  the  Kentucky  Klver,  "  in  which  the  titles  of  tlie 
Indian  tribes  have  been  extinguished,"  and  among  other  pro- 
Tisione,  that  the   "  sections  shall  be  numbered  lespeotively, 
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b^QDiiig  with  the  number  one  in  the  northeaat  sectioa  and 
proceeding  weet  and  east,  alternatel;,  through  the  township, 
with  progressive  numbers  till  the  thirty^aixth  be  completed." 
This  method  of  numbering  sections,  as  shown  by  the  preceding 
diagram,  is  stiU  in  use. 

The  act  of  Congress,  approved  Feb.  11,  1805,  directs  tha 
subdivisions  of  the  public  lands  into  quarter-sections.  The 
act  of  April  M,  1820,  provides  for  the  sale  of  the  public  lands 
in  haif-quarter-sectionB,  and  that  in  every  case  of  the  division 
of  a  quarter-section,  the  division  line  shall  run  north  and  south. 
April  5,  1832,  Congress  directed  the  subdivisioa  of  the  pubUc 
lands  into  quarter-quarters,  and  requiring  the  division  Une  to  , 
nit  east  and  west. 

350.  A  surveyor-general  for  each  surveying  district  is 
Appointed  by  the  President,  by  and  with  the  advice  of  the 
Senate.  He  is  required,  while  in  tbe  dischai^e  of  the  duties 
of  his  offloe,  to  reside  in  the  diatrict  for  which  he  is  appointed. 
Uis  term  of  office  is  four  years,  and  be  must  give  bonde,  with 
sufficient  security  for  the  penal  sum  of  $30,000,  for  the  faithful 
disliursement  of  all  public  money  placed  in  his  hands,  and  for 
tbi.-  faithflil  performance  of  the  duties  of  his  office.  Among 
other  duties  prescribed  by  law  aud  set  forth  in  the  manual,  the 
survey or^eneral  b  required  Co  engi^  a  sufficient  number  of 
skilful  surveyors  as  his  deputies,  and  shall  cause  to  be  sur- 
veyed, measured,  and  marked,  without  delay,  all  base  and 
meridian  lines  through  such  points,  and  perpetuated  by  such 
monuments,  aud  such  other  correction  parallels  and  meridians, 
as  may  be  prescribed  by  law,  or  by  lustructious  from  the 
General  Land  Office,  in  respect  to  the  public  lands  within  his 
surveying  district  to  which  ttie  Indian  title  has  been  or  may  be 
extinguished. 

351.  Syitom  of  Beotugalar  9mtijing.  The  public  lands 
of  the  United  States  are  ordinarily  surveyed  into  rectangular 
tracts,  bounded  by  lines  conforming  to  the  cardinal  points. 
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The  public  lands  shall  be  laid  off,  in  the  first  place,  into 
bodies  of  land  24  miles  square,  as  near  as  may  be.  This  shall 
be  done  by  the  exlensioD  of  standard  lines  from  the  principal 
meridian  every  24  miles,  aad  by  ihe  extension  from  the  base 
and  standard  lines,  of  auxiliary  meridians  every  24  miles. 
Thereafter  they  shall  be  laid  off  into  bodies  of  land  6  miles 
sqnare,  as  near  as  may  be,  called  towjuhipa,  containing,  as 
near  as  may  be,  23,040  acres.  The  townships  shall  be  sub- 
divided into  36  tracts,  called  sections,  each  containing,  as  near 
as  may  be,  640  acres.  Any  number  or  series  of  contiguous 
townships,  situate  north  or  south  of  each  other,  constitute  a 
range. 

(a)  Tbe  law  requires  that  the  lines  of  the  public  surreys 
Bliall  be  governed  by  the  true  meridian,  and  that  the  township 
shall  be  six  miles  square,  —  two  things  involving  in  connection 
a  mathematical  impossibility.  For  strictly  to  conform  to  the 
meridian  Decessariiy  throws  the  township  out  of  square,  by 
reason  of  the  convergency  of  meridians,  and  hence  by  adhering 
to  the  true  meridian  results  the  necessity  of  departing  from  the 
strict  requirements  of  law,  as  respects  the  precise  area  of  town- 
ships and  the  sabdivisional  paru  thereof;  tbe  township  assum- 
ing something  of  a  trapezoidal  form,  which  inequality  develops 
itself  more  and  more  as  such,  the  higher  the  latitude  of  the 
sarveys.  It  is  doubtless  in  view  of  tiiese  circumstanoes  that 
the  law  provides  (see  Section  2  of  the  act  of  May  18,  1796) 
tbat  the  section  of  a  mile  square  shall  contain  the  quantity  of 
640  acres,  as  nearfy  as  may  be;  and,  morever,  provides  (see 
Section  3  of  the  act  of  May  10,  1800)  in  the  following  words : 
"And  in  all  cases  where  the  exterior  lines  of  the  townships 
thus  to  be  subdivided  into  sections  or  half -sections  shall  exceed, 
or  shall  not  extend,  G  mites,  the  excess  or  deficiency  shall  be 
specially  noted,  and  added  to  or  deducted  from  tbe  western  or 
northern  ranges  of  sections  or  half-sections  in  such  township, 
according  as  the  error  may  be  in  running  the  lines  from  east  to 
west  or  from  soath  to  north ;  the  sections  and  half-sections 
bounded  on  the  northern  and  western  lines  of  such  townships 
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shall  be  sold  as  ooDtaining  only  the  quantity  expresBed  in  the 
returns  and  plats,  respecttTSly,  and  all  others  as  containing  the 
complete  legal  quantity." 

Sectiaaa  5  and  6  of  Township  No.  6,  North,  Range  No.  34, 
east,  of  tlie  principal  meridian,  Montana,  are  exhibited  below : 


(b)  The  section  lines  are  enrreyed  from  south  to  north  on 
true  meridians,  and  from  east  to  west,  in  order  to  throw  the 
excesses  or  deficiencies  in  measurements  on  the  north  and  west 
sides  of  the  township,  as  required  by  law.  In  a  case  where  a 
township  has  been  partially  surveyed,  and  it  is  necessary  to 
complete  the  survey  of  the  same,  or  where  the  character  of  the 
land  is  such  that  only  the  north  or  west  portions  of  the  town- 
ship can  be  surveyed,  tbia  rule  cannot  be  strictly  adhered  to ; 
but  in  such  cases  must  be  departed  from  only  so  far  as  is 
absolutely  necessary.  It  will  also  be  necessary  to  depart  from 
this  rule  where  surveys  dose  upon  State  or  Territorial  bound- 
aries, or  apoD  surveys  extending  from  different  meridians. 

{c)  The  townsbips  are  to  bear  numbers  in  respect  to  the 
base  line,  either  north  or  south  of  it ;  and  the  tiers  of  townships 
called  "ranges"  wilt  bear  numbers  in  respect  to  the  meridian 
line,  according  to  their  relative  position  to  it,  either  on  the  east 
or  west. 
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(d)  The  36  sections  into  which  a  township  i<t  snbdivided 
are  nnmbered,  commencing  with  number  one  at  the  northeatt 
angle  of  the  township  and  proceeding  west  to  namber  6,  and 
thence  proceeding  east  to  number  12,  and  bo  on,  alteroatelj 
until  the  nnmber  36  is  in  the  southeast  angle.  In  all  caees 
of  surveys  of  fractional  townships,  tlie  sections  should  bear 
the  same  numbers  as  tbey  would  if  the  township  were  full. 

(e)  Standard  parallels  shall  be  established  at  intervals  of 
every  24  miles,  north  and  south  of  the  base  line,  and  auxiliary 
meridians  at  intervaU  of  every  24  miles,  east  and  west  of  the 
principal  meridian  ;  tlie  object  being  to  confine  the  errors  result- 
ing from  convergence  of  meridians  and  inaccuracies  in  measure- 
ments, within  the  tracts  of  land  bounded  by  the  lines  so  estab* 
lished. 

(/)  The  saiTey  of  all  principal  base  and  meridian  standard 
parallels,  and  auxiliary  meridian  and  township  lines  must  be 
made  with  an  instrument  operating  independently  of  the  mag- 
netic needle.  Burt's  improved  solar  compass,  or  other  inetni- 
ment  of  equal  utility,  must  be  used  of  necessity  in  such  cases ;. 
and  it  is  deemed  best  that  such  instrument  should  be  used  under 
all  circumstances.  Where  the  needle  can  be  relied  on,  howerert 
the  ordinary  compass  may  be  ased  iu  subdividing  and  meander- 
ing. Whenever  deputies  nee  instruments  with  magnetic  appa- 
ratus only,  they  must  test  the  accuracy  of  their  work  and  the 
condition  of  their  instruments  by  at  least  three  observations 
upon  a  circumpolar  star,  upon  difl!ercnt  days,  between  the  com- 
meucement  and  close  of  surveying  operations  in  any  given 
township.  Deputies  using  instruments  with  solar  apparatus  are 
not  required  to  make  observations  of  the  star  Polaris,  but  they 
must  test  their  instruments  by  taking  the  latitude  daily,  weatlier 
permitting,  in  mnning  base,  standard,  meridian,  and  rai^e 
lines,  and  upon  three  different  days,  during  the  execution  of 
Bubdlvisional  surveys  in  each  township.  They  mnst  make  com- 
plete records  in  their  field  notes,  under  proper  dates,  of  the 
making  of  all  observations  in  compliance  with  these  instructions, 
showing  the  style  and  condition  of  the  instroment  in  use,  andi 
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tbe  BDgle  formed  by  comparii^  the  line  ran  with  the  meridian 
as  determined  by  observationB. 

{g}  The  constraction  and  adjustmenta  of  all  surveying  in- 
Btramenta  used  in  the  surveying  of  the  public  lands  of  the 
United  States  miut  be  tested  at  least  once  a  year,  and  oftener 
if  necessary,  by  comparison  witli  the  trae  meridian,  established 
under  the  direction  of  the  Burveyor-general  of  the  district ;  and 
the  instrumentB  must  be  so  modified  in  construction,  or  in  suoh 
a  way  corrected,  as  may  be  necessary  to  produce  the  closest 
possible  approximation  to  accuracy  and  uniformity  in  the 
operation  of  all  such  inatramenta.  A  record  will  be  made  of 
such  examinations,  showing  the  number  and  style  of  the  instru* 
ment,  name  of  the  maker,  the  quantity  of  instrumental  error 
discovered  by  comparison,  in  either  solar  or  magnetic  apparatus, 
or  both,  and  means  talien  for  correction.  The  sarveyor-general 
will  allow  no  sniTeys  to  be  made  until  the  instruments  to  be 
used  therefor  have  been  approved  by  him. 

{h}  The  township  lines  and  the  subdivision  lines  will  usually 
be  measured  by  a  two-pole  chain  of  S3. 03  feet  in  length,  con- 
sisting of  50  links,  and  each  link  being  7.92  inches  long.  On 
uniform  and  level  ground,  however,  the  four-pole  chain  may  be 
used.  The  measurements  will,  however,  always  be  represented 
according  to  the  fonr-pole  chain  of  100  links.  The  four-pole 
chains  must  be  adjusted  to  lengths  of  66.06  feet.  The  object 
in  adding  sis -hundredths  of  a  foot  to  the  66  feet  of  a  four-pole 
chain  is  to  assure  thereby  that  66  feet  will  be  set  o3  upon  the 
earth's  surface  without  the  application  of  a  greater  strain  than 
about  20  pounds  by  tbe  chainmen,  thus  providing  for  lose  by 
vertical  curvature  of  the  chain,  and  at  the  same  time  avoiding 
the  uncertain  results  attending  the  application  of  strains  taxing 
its  elasticity.  The  deputy  surveyor  must  provide  himself  with 
a  measure  of  the  standard  chain  kept  at  the  office  of  the  anr* 
veyor^eneral,  to  be  used  by  him  aa  a  Qeld  standard.  The  chain 
in  use  must  be  compared  and  adjusted  with  thia  field  standard 
each  working  day ;  and  auch  field  standard  must  be  returned  to 
tbe  surveyor-general's  offlce  for  examination  when  his  work  is 
completed. 
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352.  Of  Tally^Pini.  Tou  will  use  1 1  tallj-ptns  nude  of  Bteel, 
Dot  exceeding  14  inches  in  length,  weighty  enough  toward  the 
point  to  make  them  drop  perpendicnUrlj,  and  having  a  ring  at 
the  top,  in  which  is  to  be  fixed  a  piece  of  red  cloth,  or  some- 
thing else  of  conspicuous  color,  to  make  them  readily  seen  when 
stuck  in  the  gronnd. 

353.  Frooeu  of  dLaining.  In  measDring  lines  with  a  two- 
pole  chain,  every  ^ve  chains  are  called  a  tally;  and  in  measure 
ing  lines  with  a  four-pole  chain,  every  ten  chains  are  called  a 
tally,  because  at  that  distance  the  last  of  the  10  tally-pins  with 
which  the  forward  cbainraan  set  out  will  have  been  stuck.  He 
then  cries  "  tally" ;  which  cry  is  repeated  by  the  other  cbfun- 
man,  and  each  registers  the  distance  by  slipping  a  thimble,  but- 
ton, or  ring  of  leather,  or  something  of  the  kind,  on  a  beltwcnn 
for  that  purpose,  or  by  some  other  convenient  method.  The 
hind  chainman  then  comes  up,  and  having  counted  in  the  pres- 
ence of  his  fellow  the  tally-pins  which  he  has  taken  up,  so  that 
both  may  be  assured  that  none  of  the  pins  have  been  lost,  he 
then  tekes  the  forward  end  of  the  chain,  and  proceeds  to  set 
the  pins.  Thus  the  chainmen  alternately  change  places,  each 
settiug  the  pins  that  he  has  taken  up,  so  that  one  is  forward  in 
all  the  odd,  and  the  other  in  all  the  even,  tallies.  Such  pro- 
cedure, it  is  believed,  tends  to  insure  accuracy  in  measurement, 
facilitates  the  recoUectiou  of  the  distances  to  objects  on  the 
line,  and  renders  a  mis-tally  almost  imposaible. 

354.  Levelling  ths  Chain  and  Plumbing  the  Pint.  The  length 
of  every  line  you  nm  is  to  be  ascertained  by  precise  horizontal 
measurement,  as  nearly  approximating  to  an  air  line  as  is  possi- 
ble in  practice  on  the  earth's  surface.  This  all-important  object 
can  only  be  attained  by  a  rigid  adherence  to  the  three  following 
observances : 

Ever  keeping  the  chain  stretched  to  its  utmost  degree  of  ten- 
sion on  even  ground. 
On  uneven  ground,  keeping  the  chain  not  only  stretched  as 
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aforesaid,  bnt  horizontally  levelled.  And  when  aeceoding  or 
descending  steep  ground,  bills,  or  monntuns,  the  chain  will  have 
to  be  shotiened  to  one-half  its  length  (and  sometimes  more),  in 
order  accnrately  to  obtain  the  true  horizontal  measurement. 

The  carelVil  plumbing  of  the  tallj-pins,  so  as  to  attain  pre- 
cisely the  spot  where  they  should  be  stuck.  The  more  uneven 
the  surface,  the  greater  the  caution  needed  to  set  the  pins. 

356.  Karking  Linw.  All  lines  on  which  are  to  be  estab- 
lished the  legal  comer  bonndaries  are  to  be  marked  after  thia 
method,  viz. :  Those  trees  which  may  intercept  the  tine  must 
have  two  chops  or  notches  on  each  side  of  them,  without  any 
other  marks  whatever.  These  are  called  night  trees  or  line  trees. 
A  eufflcient  number  of  other  trees  standing  within  50  links  of 
the  line,  on  either  side  of  it,  are  to  be  blazed  on  two  sides 
diagonally,  or  quartering  toward  the  line,  in  order  to  render  the 
line  conspicuous,  and  readily  to  be  traced,  the  blazes  to  be 
opposite  each  other,  coinciding  in  direction  with  the  line  where 
the  trees  stand  very  near  it,  and  to  approach  nearer  each  other 
the  farther  the  line  passes  from  the  blazed  trees. 

Where  trees  two  inches  or  more  in  diameter  are  found,  the 
required  blazes  must  not  be  omitted. 

Bushes  on  or  near  the  line  should  be  bent  at  right  angles 
therewith,  and  receive  a  blow  of  the  axe  at  about  the  usual 
height  of  blazes  from  the  ground  sufHcient  to  leave  thena  in  a 
tient  position,  hut  not  to  prevent  their  growth. 

356.  On  Trial  or  Random  Lines  the  trees  are  not  to  be 
blazed,  unless  occasionally,  iVom  indispensable  necessity,  and 
then  it  must  be  done  so  guardedly  as  to  prevent  the  possibility 
of  confounding  the  marks  of  the  trial  line  with  the  true.  But 
bushes  and  Umbs  of  trees  may  be  lopped,  and  slakes  set  on  the 
trial  or  random  line,  at  every  ten  chains,  to  enable  the  surveyor 
on  his  return  to  follow  and  correct  the  trial  line,  and  establish 
'  therefrom  the  true  line.  To  prevent  confusion,  the  temporary 
stakes  set  on  the  trial  or  random  lines  must  be  pnUed  up  when 
the  surveyor  retams  to  establish  the  true  line. 
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357.  Inmperable  Obj«eti  on  Lise ;  WitneM  Points.  Uader 
circumet&nceB  where  your  course  is  obstructed  by  impassable 
obstacles,  such  aa  ponds,  swamps,  marshes,  lakes,  rivers, 
creeks,  etc.,  yoa  will  prolong  the  line  across  such  obstacles 
by  means  of  right-angle  offsets ;  or,  if  such  be  incoovenient, 
by  a  tr&Terse  or  trigonometrical  operation,  Until  yOQ  regain  the 
line  on  the  opposite  side.  And  in  case  a  north  and  south,  or  a 
true  east  and  west,  line  is  regained  in  advance  of  any  such 
obstacle,  you  will  prolong  and  mark  the  line  back  to  the  ob- 
atade  so  passed,  and  state  alt  the  particulars  in  relatiou  thereto 
in  your  field-book.  And  at  the  intersection  of  lines  with  both 
margiDS  of  impassable  obstacles  you  will  establish  a  witneaa 
point  (for  the  purpose  of  perpetuatjng  the  intersections  there- 
with) ,  by  setting  a  post,  and  giving  in  your  field-book  the  course 
and  distance  therefrom  to  two  trees  on  opposite  aides  of  the 
line,  each  of  which  trees  you  will  mark  with  a  blaze  and  notch 
facing  the  post ;  but  on  the  margins  of  navigable  watercourses 
or  navigable  lakes  you  will  mark  the  trees  with  the  proper 
number  of  the  ftaotional  section,  township,  and  range. 

358.  The  Beat  Xarking-Toola  adapted  to  the  ptupose  most 
be  provided  for  marking  neatly  ^d  ditiiTictly  all  the  letters  and 
figures  required  to  be  made  at  corners,  Arabic  figures  being 
used  exclusively ;  and  the  deputy  is  always  to  have  at  hand  the 
Dcceasary  implements  for  keeping  his  mai'king-tools  in  order. 

359.  Eitabliflhiiiff  Corntti.  To  procure  the  tkithflil  execu- 
tion of  this  portion  of  a  surveyor's  duty  is  a  matter  of  th4 
utmost  importance.  After  a  true  coursing  and  most  exact 
measurement,  the  establishment  of  coraers  is  the  consummation 
of  the  work.  If,  therefore,  the  corners  be  not  perpetuated  in  a 
permanent  and  workmanlike  manner,  the  great  aim  of  the  sur- 
veying service  will  not  have  been  attained. 

The  following  are  the  different  points  for  perpetuating  cor- 
ners, viz. : 

(a)  For  township  boundaries,  at  intervals  of  every  6  miles. 
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(&)  For  section  boundaries,  ut  iDterralB  of  every  mile,  or  80 
chains. 

(c)  For  quarter-section  boundaries,  at  intervals  of  every  half- 
mile,  or  40  chains.  Exceptions,  however,  occur,  as  fully  set 
forth  hereafter  in  that  portion  of  the  manual  showing  the  man- 
ner of  running  township  lines  and  method  of  subdividing. 

(d)  Meander  comers  are  established  at  all  those  points  where 
the  lines  of  the  public  surveys  intersect  the  banks  of  such 
rivers,  bayous,  lakes,  or  islands,  as  axe  by  law  directed  to  be 
meandered. 

360.  HifeellfliiMiu.  When  a  rock  in  place  is  established  for 
a  comer,  its  dimensions  above  ground  must  be  given,  and  a 
cross  (  X  )  marked  at  exact  corner  point. 

Where  mounds  of  earth  are  raised  "  alongside  "  of  oomers  od 
N.  and  S.  lines,  they  must  be  pl&ced  on  the  W.,  and  on  the  K. 
and  W.  lines  on  the  N.  side  of  comer.  In  case  tiie  character 
of  the  land  is  such  that  this  cannot  be  done,  the  deputy  will 
state  in  his  notes  instead  of  "  alongside"  "  S."  (on  E.). 

In  cose  where  pits  are  practicable,  the  deputy  prefers  raising 
a  mound  of  stone,  or  stone  covered  with  earth,  as  more  likely 
to  perpetuate  the  comer ;  he  will  use  the  form  given  for  mound 
of  stone,  omitting  the  words  "pits  impracticable,"  and  adding 
"  covered  with  earth,"  when  so  established. 

Where  Uie  requisite  number  of  trees  can  be  found  within  300 
links  of  the  corner  point,  three  (3)  bearing  trees  should  be 
established  for  every  standard  or  closing  comer,  four  (4)  for 
"every  comer  common  to  four  toumehipa  or  sections,  and  two  (2) 
for  every  quarter-section  corner  or  meander  comer.  In  case  the 
requisite  number  cannot  be  found  within  limits,  the  deputy 
most  state  in  his  field  notes,  after  describing  those  established, 
"no  other  trees  within  limits,"  and  "dug  pita  in  sees.  — & — ," 
or  "  raised  a  mound  of  stone  alongside." 

Stones  18  inches  and  less  long  must  be  set  two-thirds,  and 
over  18  inches  long,  three-fourths,  of  their  length  in  the  ground. 
No  stones  conttuning  less  than  504  cubic  inches  must  be  naed 
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for  corners.  ParticnUr  attentioQ  is  called  to  the  '<  somniar;  of 
objeclfi  and  data  required  to  be  ooted,"  on  pages  —  and  —  of 
these  instouctions,  and  it  is  expected  that  the  deputy  will  tbor- 
onghly  comply  with  the  same  in  his  work  and  field  notes. 

No  mountains,  awamp  lands,  of  lands  not  classed  as  surrey- 
able,  are  to  be  meandered,  and  all  Lines  approaching  such  lands 
must  be  disconldnned  at  the  section  or  quarter-section  coTner. 

Where,  by  reason  of  impassable  objects,  the  south  bonndaiy 
of  a  township  cannot  be  established,  au  east  and  vest  line 
should  be  run  through  the  township,  first  random,  and  then 
corrected,  from  one  range  line  to  the  other,  and  as  far  south  as 
possible,  and  fi-om  such  Une  the  section  lines  will  be  extended 
in  the  usual  manner,  except  over  any  fVactions  south  of  said 
line,  which  may  be  surveyed  in  the  opposite  direction  from  the 
section  comers  on  the  auxiliary  base  thus  established. 

When  no  part  of  the  east  or  west  boundaries  can  be  run, 
both  north  and  south  boundaries  will  be  established  aa  true 
lines.  Allowance  for  the  oonvergency  of  meriiUans  must  be 
made  whenever  necessary.* 

All  letters  and  figures  cnt  in  posts  or  trees  must  be  marked 
over  with  red  chalk  to  make  tliem  still  more  plain  and  durable. 
Township  comers  common  to  four  townships,  and  section  cor- 
ners common  to  four  sections,  are  to  be  set  diagonally  in  the 
earth,  with  the  tmgles  in  the  direction  of  the  lines.  All  other 
corners  are  to  be  set  square,  with  the  aides  facing  the  direction 
of  the  lines.  The  sizes  of  wooden  posts,  mounds,  and  pita, 
noted  in  foregoing  descriptions  of  corners,  are  to  be  regarded 
as  minimum,  and  whenever  practicable  to  increase  their  dimen- 
sions, it  is  desirable  to  do  so.  In  establishing  comers,  stones 
should  be  used  whenever  practjcable ;  then  posts ;  and  lastly, 
mounds,  with  stake  in  pit. 

It  is  expected  that  deputy  surveyors  will  carefully  read  and 
familiarize  themselves  with  these  instnictioos,  and  all  othera 


■  See   Table   of  Convergeiicy  of   Meridiani  at  end  of   chapter,  and 
cicpiaiiatioD  of  lame. 
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conteined  in  this  volame,  and  will  ioBtnict  tbeir  assistantfl  as  to 
their  duties  before  commeuoiDg  work.  Extra  copies  will  be 
farnisbed  the  deputies  for  the  use  of  their  aseistants. 

361.  Standard  anarter-SectloiL  Comen  on  standard  linea 
must  be  established  iu  all  respects  like  otber  quarter-section 
coi-ners,  with  the  addition  of  the  letters  S.C. ;  and  if  bearing 
trees  are  established  for  such  corners,  each  tree  must  be  marked 
S.C.  ^  S.B.T.  When  a  pit  is  dug  at  a  meander  comer,  it  must 
be  8  links  from  the  corner  on  the  side  oppoeite  the  river  or  lake 
meandered. 

The  letters  M,C.,  for  "  meander  corner,"  must  be  marked  on 
the  side  facing  the  river  or  lake  meandered. 

362.  A  Witnett  Oornmr,  in  addition  to  the  marks  that  would 
be  placed  upon  the  comer  for  which  it  is  a  witness,  must  have 
the  letters  W.C-,  and  be  established  in  all  respects  like  such 
comer. 

If  bearing  trees  are  established  for  a  witness  corner,  each 
tree  must  be  marked  W.C.,  in  addition  to  the  usual  marks. 

363-  Heaadering.  Both  banks  of  navigable  rivers  are  to  be 
meandered  b;  taking  the  general  courses  and  distances  of  their 
sinuosities. 

At  those  points,  when  either  the  township  or  section  lines 
intersect  the  banks  of  a  navigable  stream,  corners  are  to  be 
established  at  the  time  of  running  these  lines.  These  are 
called  meander  coi-ners;  and  in  meandering,  you  are  to 
commence  at  one  of  these  corners,  coursing  the  banks,  and 
measuring  the  distance  of  each  course  from  your  commencing 
corner  to  the  next  meander  comer.  Bj-  the  same  method,  you 
are  to  meander  the  opposite  bank  of  the  same  river.  The 
crossing  distance  between,  meander  corners  on  same  line  is  to  be 
ascertained  by  triangulation,  that  the  river  may  be  accurately 
protracted.  Rivers  not  classed  under  the  statute  as  navigabley 
but  which  are  well-defined  natural  arteries  of  internal  commuui- 
catioD,  will  only  be  meandei-ed  on  one  bank. 
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All  Iftkee,  bayone,  and  deep  ponds  which  may  serve  as  public 
highways  of  commerce  must  be  meandered. 

364.  SorveTing.  Initial  points,  from  which  the  lines  of  the 
pnblic  surveys  are  to  be  extended,  must  be  eBtablished  wheD- 
ever  neoessary  uader  special  iDstructions,  as  may  be  prescribed 
in  each  case  by  the  Commisaioner  of  the  General  Land  Office. 
The  locos  of  such  initial  points  most  be  selected  with  great 
care  and  due  consideration  for  their  prominence  and  easy 
identification,  and  must  be  established  astronomically. 

The  initial  point  having  been  established,  the  lines  of  the 
public  surveys  are  to  be  extended  therefrom  as  fbUows ; 

363.  Base  Line.  The  base  line  shall  be  extended  east  and 
west  from  the  initial  point  by  the  use  of  solar  instruments  or 
transits,  as  may  be  directed  by  the  surveyor-general  in  his 
special  written  instiiictions.  Where  solar  instrnments  are  used, 
the  deputy  must  test  said  instrumentfi  in  every  12  miles  of  line 
ran,  by  taking  the  latitude,  or  by  obse^^'ation  on  the  polar  star ; 
and  in  all  cases  where  he  has  reason  to  suppose  that  said  instm- 
ment  is  in  error,  he  must  take  an  observation  on  the  polar  star ; 
and  if  error  be  found,  must  make  the  necessary  corrections 
before  proceeding  with  his  survey.  The  proper  comers  shall 
be  established  at  each  40  and  60  chains,  and  at  the  iotenection 
of  the  line  with  rivers,  lakes,  or  bayous  tbat  should  be  mean- 
dered, in  accordance  with  the  instructions  for  the  establishment 
of  comers.  In  order  to  check  errors  in  measurement,  two  sets 
of  ebainmen,  operating  independently  of  each  other,  must  be 
employed. 

Where  transits  are  used,  the  line  will  be  run  by  setting  off  at 
the  point  of  departure  on  the  principal  meiidians  a  tangent 
to  the  parallel  of  latitude,  which  will  be  a  line  falling  at  right 
angles  to  the  said  meridian.  The  survey  will  be  continued  on 
this  line  for  twelve  (12)  miles,  but  the  corners  wilt  be  estab- 
lished at  the  proper  points  by  offsets  northerly  from  said  line, 
at  the  end  of  each  half-mile.     In  order  to  offset  correctly  from 
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the  tangent  to  the  pttrallel,  the  deputy  will  be  guided  by  the  table 
of  offsets  and  azimnthH  contained  in  the  Manual  of  Instructions. 
Ab  the  azimuth  of  the  tangent  is  sliown,  the  angle  thence  to 
the  true  meridian  at  each  mile  is  readily  found,  thus  indicating 
the  direction  of  the  offset  line.  The  computations  are  made  for 
a  distance  of  12  miles,  at  the  end  of  which  observations  on  the 
polar  star  must  be  taken  for  the  projection  of  a  new  tangent. 
The  computations  are  alao  upon  even  degrees  of  latitude ;  off- 
sets fbr  intervening  parallels  can  be  readily  determined  by 
interpolation.  Where  offset  distances  quarter-section  comers 
exceed  50  links,  their  direction  to  the  parallel  can  be  deter- 
mined in  like  manner  by  interpolation  for  azimuth.  When  said 
distances  are  less  than  50  links,  interpolation  for  determining 
the  itifitancea  will  not  be  required. 

366.  Principal  Heridian.  The  principal  meridian  shall  be 
extended  north  and  south  from  the  initial  point,  by  the  use  of 
solar  instruments  or  transits,  as  may  be  directed  by  the  sur- 
veyor-general in  his  special  written  instructions. 

Where  solar  instruments  are  used,  the  line  will  be  run  in  the 
same  manner  as  prescribed  for  running  the  base  line  by  solar 
instrnmeuta.  Where  transits  are  used,  observations  upon  the 
polar  star  must  be  taken  within  each  12  miles  of  line  mn.  la 
addition  to  the  above  general  instructions,  it  is  required  that  id 
all  cases  whei-e  the  establishment  of  a  new  pdncipal  meridian 
seems  to  be  necessary  to  the  surveyor-general,  he  shall  submit 
the  matter,  together  with  his  reasons  therefor,  to  the  Commis- 
sioner of  the  General  Land  Office,  and  the  survey  of  such  prin- 
cipal meridian  shall  not  be  commenced  until  written  authority, 
together  with  such  special  instructions  as  be  may  deem  neces- 
sary, shall  have  been  received  from  the  Commissioner. 

367.  Standard  Paralleli.  Standard  parallels,  which  are 
also  called  correction  lines,  shall  be  extended  east  and  west 
from  the  principal  meridian,  at  intervals  of  every  24  miles 
north  and  south  of  the  base  line,  in  the  same  manner  as  f  re- 
acribed  for  running  the  base  line. 
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Anziliarf  Xnidiau.  Auxiliary  meridians  shall  be  extended 
north  and  south  from  the  base  line,  at  intervals  of  everj  24 
miles  east  and  west  from  the  principal  meridian,  in  the  same 
manner  as  prescribed  for  rutiDiog  the  principal  meridian. 

It  is  Goatemptated  that  these  baee,  principai  meridian,  stand- 
ard, and  auxiliary  meridian  lines  shall  first  be  extended  over 
the  territorj  to  be  aurveyed,  and  that  afterwards  townahip  and 
section  lines  shall  be  run,  where  needed,  within  these  tracts  of 
24  miles  square,  formed  by  the  extension  of  these  principal 
lines ;  and  each  surveyor-general  wilt  therefore  cause  said  prin- 
lupal  lines  to  be  extended  as  rapidly  as  practicable. 

368.  Ezterion,  or  Towiullip  Linw.  The  east  and  west 
boundaries  of  townships  are  always  to  be  run  fVom  south  to 
north  OD  a  true  meridian  line ;  and  the  north  and  south  boun- 
daries are  to  be  mn  from  east  to  west,  or  from  west  to  east 
(according  to  the  relation  of  the  township  to  be  surveyed  with 
reference  to  prior  surveys),  on  a  random  or  trial  line,  and  cor* 
rected  back  on  a  true  line.  The  distance  north  or  south  of  the 
township  corner  to  be  closed  upon,  from  the  point  of  intersec- 
tion of  these  random  lines  with  the  east  or  west  laoundary  of 
the  township,  must  be  carefully  measured  and  noted.  Should 
it  happen,  however,  tliat  such  random  line  should  fall  short,  or 
overrun  in  length,  or  intersect  the  east  or  west  boundary  more 
than  three  chains'  distance  from  the  township  corner  thereon,  as 
compared  with  the  corresponding  boundaiy  on  the  soiitli  (due 
allowance  being  made  for  convergency)  tlie  line,  and  if  neces- 
sary the  entire  exterior  boundaries  of  the  township,  must  be 
retraced,  so  as  to  discover  and  correct  the  error.  In  running 
random  iines,  temporary  corners  are  to  be  set  at  each  40  and 
80  chains,  and  permanent  corners  established  upon  the  true 
line  as  corrected  back,  in  accordance  with  instructions,  throw- 
ing the  excess  or  deficiency  on  the  west  half-mile,  as  prescribed 
by  law.  Fermanent  corners  are  to  be  established,  in  accord- 
ance with  instructions,  on  the  east  and  west  township  bound- 
aries at  the  time  they  are  to  be  run.     Whenever  practicable. 
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the  townehip  lines  within  these  tracts  of  24  miles  square,  mast 
be  surveyed  in  regular  order  from  touth  to  Tiorth;  i.e.,  the 
exterior  boundaries  of  the  townahip,  in  any  one  range  lying 
immediately  north  of  the  sooth  boundary  of  sncfa  tract  of  24 
miles  square,  must  first  be  surveyed,  and  the  exteriors  of  the 
other  three  townebipa  in  said  range  extended  therefrom,  in 
regular  order,  from  smUh  to  north  ;  and  it  ia  preferable  to  snr- 
vey  first  the  entire  range  of  townships  in  such  tract  adjoining 
the  east  boundary,  or  adjoining  the  west  boundary,  and  the 
other  three  ranges  in  regular  sequence.  In  cases,  however, 
where  the  character  of  the  land  is  such  that  this  rule  cannot  be 
complied  with,  the  following  will  be  observed.  In  extending 
the  south  or  n<yrth  boundaries  of  a  township  to  the  west,  where 
the  southwest  or  northeast  corners  cannot  be  established  in  the 
regular  way  by  ruDning  a  north  and  south  line,  such  boundaries 
will  he  run  west  on  a  true  line,  allowing  for  convergency  on  the 
west  half-mile ;  and  from  the  township  corner  established  at 
the  end  of  such  boundary,  the  west  boundary  will  be  run  nortA 
or  south,  as  the  case  may  be.  In  extending  south  or  nortA  of  a 
township  to  the  east,  where  the  soutlieast  or  northeast  comer 
cannot  be  established  in  the  regular  way,  the  same  rule  will  be 
observed,  except  that  such  l>oundaries  will  be  run  etwrt  on  a  true 
line,and  the  ea«t  boundary  run  norfA  or  sou^A,  as  the  case  may  be. 
One  set  of  chainmcn  only  is  required  in  running  township  lines. 

369.  Hethod  of  SobdiTiding.  The  first  mile,  both  on  the 
south  and  east  boundaries  of  each  township  you  are  required  to 
subdivide,  is  to  be  carefully  traced  and  measured  before  yon 
ent«r  upon  the  Buijdivision  thereof.  This  will  enable  you  to 
observe  any  change  that  may  have  taken  place  in  the  iflagnetio 
variation  as  it  existed  at  the  time  of  running  the  township 
lines,  and  will  also  enable  yon  to  compare  your  chuning  with 
that  upon  the  township  lines. 

Any  discrepancy  arising  either  from  a  change  in  the  magnetic 
variation  or  a  difference  in  measure  is  to  be  careflillj'  noted  in 
the  field  notes. 
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After  adjnsting  your  compass  to  a  Tariation  which  joa  have 
Just  found  will  retrace  the  eastern  bound&r;  of  the  towoHhip, 
yon  will  oomnieDCe  at  the  comer  to  Sections  35  and  36,  on  the 
south  boundary,  and  ran  a  line  parallel  to  the  range  line,  40 
chains,  to  the  quarter-section  oomer,  which  you  are  to  eatablisb 
between  Sections  3d  and  36 ;  contanuing  on  said  course  40 
chuns  farther,  yon  will  establish  tiie  comer  to  Sections  25,  26, 
35,  and  36. 

From  the  section  comer  l&st  named,  run  a  random  line,  with- 
out blazing,  due  east,  for  the  comer  of  sectioDS  25  and  36,  on 
east  boundary,  and  at  4^0  chains  from  the  starting-point  set  a 
poBt  for  tempoi-ary  quarter-section  comer.  If  you  intersect 
exactly  at  the  comer,  yon  will  blaze  your  random  line  back, 
and  establish  it  aa  the  true  line ;  but  if  your  random  line  inter- 
sects the  said  east  boundary  either  north  or  south  of  said  comer, 
you  will  measure  the  distance  of  such  intersection,  from  which 
you  will  calculate  a  course  that  will  run  a  true  line  back  to  the 
comer  from  which  your  random  started.  You  will  establish 
the  permanent  qoarter-section  oomer  at  a  point  equidistant 
from  the  two  terminations  of  tiie  tnte  line. 

From  the  oomer  of  Sections  25,  26, 35,  and  36,  run  dne  north 
between  Sections  25  and  26,  setting  the  quarter-section  post,  as 
before,  at  40  chains,  and  at  80  chains  establlBhing  the  oomer 
of  Sections  23,  24,  25,  and  26.  Then  mn  a  random  due  east 
for  tiie  oomer  of  Sections  24  and  25  on  east  boundary ;  setting 
temporary  quarter-section  post  at  40  chains ;  correcticg  back, 
and  establishing  permanent  quarter-section  comer  at  the  equi- 
distant point  on  the  true  line,  in  the  manner  directed  on  the 
line  between  Sections  25  and  36. 

In  this  manner  you  will  proceed  with  the  surrey  of  each  snc- 
cessive  section  in  the  first  tier  until  you  arrive  at  the  north 
boundary  of  the  township,  which  you  will  reach  in  mnning  np  a 
random  line  between  Sections  1  and  2.  If  this  random  line 
ahould  not  intersect  at  the  comer  established  for  Sections  1,  2, 
35,  and  36,  upon  the  township  Une,  you  will  note  the  distance 
that  you  fall  east  or  west  of  the  same,  from  which  distance  you 
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will  calculate  a  conrae  that  will  nm  a  true  line  south  to  the 
corner  from  which  yonr  raodoin  started.  If  the  north  boundary 
of  a  towuahip  is  a  base  or  standard  line ,  the  line  between  Sections 
1  and  2  is  to  be  run  north  as  a  true  line,  and  the  closing  comer 
established  at  the  point  of  intersection  with  such  base  or  stand- 
ard line;  and  in  such  cbbc,  the  distance  from  said  closing 
corner  to  the  nearest  section  or  quarter-section  corner  on  such 
base  or  standard  line  most  be  oarefolly  measured  and  noted  aa 
a  "  connection  line." 

In  like  manner  proceed  with  the  survey  of  each  successive 
tier  of  sections  until  you  arrive  at  the  fifth  tier  ;  and  from  each 
section  corner  which  you  establish  upon  Qaa  tier  you  are  to 
ran  random  lines  to  the  corresponding  comers  esteblished  upon 
tlie  range  line  forming  the  westeni  boundary  of  the  township ; 
setting  as  you  proceed  each  temporary  quarter-section  comer 
at  40  chuuB  from  the  interior  section  corner,  so  as  to  throw 
the  excess  or  deficiency  of  measurement  on  the  extreme  tier  of 
quarter-sections  contiguous  to  the  township  boundary ;  and  on 
returning  establish  the  trve  line,  and  esteblish  thereon  the  per- 
manent quarter-section  corner. 

It  is  not  required  that  the  deputy  shall  complete  the  sorvey 
of  the  first  tier  of  sections  from  north  to  south  before  commenc- 
ing the  survey  of  the  second  or  any  subsequent  tier,  but  the 
comer  on  which  the  random  line  closes  must  have  been  pre- 
viously established  by  running  the  line  north  on  which  it  is 
«stabliahed,  except  as  follows:  where  it  is  impracticable  to 
establish  such  section  corner  in  the  regular  manner,  it  may  be 
esteblished  by  ranning  the  east  and  west  line  east  or  west,  as 
the  case  may  be,  on  a  true  line,  setting  the  quarter-seotioii 
corner  at  40  chains  and  the  section  comer  at  80  chains^ 

Quorter-sectioD  corners,  both  upon  north  and  south  and  upon 
east  and  west  lines,  are  to  be  established  at  a  point  "  equi- 
distant" from  tJie  corresponding  section  corners,  except  upon 
the  lines  crossing  on  the  north  and  west  bouudaries  of  the  town- 
ship, and  in  those  situations  the  quarter- section  comers  will 
always  be  established  at  precisely  40  chains  to  the  north  or 
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west,  ae  the  c&se  maj  be,  of  the  respectiTe  section  oorners 
from  which  those  lines  respectively  «(art,  by  which  procedure 
the  eicess  or  deficiency  in  the  raeaaurements  will  be  thrown, 
according  to  law,  on  the  eztieme  tier  of  qaarter-sectionB. 

370.  Prefloribed  Limits  for  Cloaing,  and  Length  of  Linei  in 
Cutain  Cams.  Every  north-and-south  section  line,  except  those 
terminating  in  the  north  boundary  of  the  township,  must  be  80 
chains  in  length. 

The  east-and-weat  section  liries,  except  those  terminating  in 
the  west  boundary  of  the  township,  are  to  be  within  80  Ktika  of 
the  Bctaal  distance  established  on  the  south  boundary  line  of 
the  township  for  the  width  of  said  tier  of  sections,  and  must 
close  within  80  links  north  or  south  of  the  section  comer. 

The  north  boundary  and  south  boundary  of  any  one  section, 
except  in  the  extreme  western  tier,  are  to  be  within  80  links 
of  equal  length. 

The  meanders  within  each  fractional  section,  or  between  two 
meander  poets,  or  of  an  island  in  the  interior  of  a  section,  must 
dose  within  1  chain  and  60  links. 

In  running  random  township  exteriors,  if  such  random  lines 
fall  short  or  overrun  in  length  or  intersect  the  eastern  or  west- 
ern boundary,  as  the  case  may  be,  of  tbe  township  at  more  than 
8  cJiains  north  or  south  of  the  true  corner,  the  lici-s  must  be 
retraced,  even  if  found  necessary  to  measure  the  meridional 
boundaries  of  the  township.  One  set  of  chainmeu  only  is 
required  in  subdividing. 

371.  SnbdiTiaion  of  Sactitnu.  Under  the  provisions  of  the 
act  of  Congress  approved  Feb.  11,  1805,  the  course  to  be  pur- 
sued in  the  subdivision  of  sections  is  to  run  straight  lines  from 
the  established  quarter-section  corners  —  United  States  surveys 
—  to  the  opposite  corresponding  comers,  and  the  point  of  inter- 
section of  the  lines  so  run  will  be  the  corner  common  to  the 
several  quarter-sections ;  or,  in  other  words,  the  legal  centre  of 
the  eecti'in. 
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In  the  subdiTision  of  fractional  quarter-sectioiiB  where  do 
opposite  correa ponding  Bectiona  have  been  or  oan  be  fixed,  the 
Bubdivision  lines  ehould  be  ascertained  by  running  from  the 
established  coroers  due  north,  south,  east,  or  west  lines,  aa 
the  case  may  be,  to  the  watercourse,  Indian  boundary  line,  or 
other  external  boundary  of  such  fractional  section.  The  law 
presupposes  the  section  lines  surveyed  and  marked  in  the  field 
by  the  United  States  deputy  surveyors  to  be  dne  north  and 
south  or  east  and  west  lines,  bnt  in  actual  experience  this  is  not 
always  the  case ;  hence,  in  order  to  carry  out  the  spirit  of  the 
law,  it  will  be  necessary  in  running  t^e  subdivisioDnl  lines 
through  fractional  sections  to  adopt  mean  conrses  where  the 
section  lines  are  not  due  lines,  or  to  run  the  subdivision  line 
parallel  to  the  section  line  where  there  is  no  opposite  section 
line. 

Upon  the  lines  closing  on  the  north  and  west  boundaries  of  a 
township  the  quarter- section  comers  are  established  by  the 
Unit«d  States  deputy  surveyors  at  precisely  40  chains  to  the 
north  or  west  of  the  last  interior  section  comers,  and  the  excess 
or  deficiency  in  the  measurement  is  thrown  on  the  outer  tier  of 
lots,  as  per  act  of  Congress  approved  May  10,  1600.  In  the 
subdivision  of  quarter- sections,  the  quarter-quarter  corners  are 
ta  be  placed  at  points  equidistant  between  the  section  and 
quarter-section  comers,  and  between  the  quarter  comers  and 
the  common  centre  of  the  section,  except  on  the  last  half-mile 
of  the  lines  closing  on  the  north  or  west  boandaries  of  a 
township,  where  they  should  be  placed  at  20  chains,  propor- 
tionate measurement,  to  the  noi-th  or  west  of  the  quarter- 
section  comer. 

The  subdivisional  lines  of  fractional  qnarter-sections  should 
be  mo  from  points  on  the  section  lines  intermediate  between 
the  section  and  quarter-section  comers  due  north,  south,  east, 
or  west,  to  the  lake,  watercourse,  or  reservation  which  renders 
such  tracts  fractional. 

When  there  are  double  sets  of  section  comers  on  township 
and  range  lines,  the  quarter  comers  for  the  sections  south  of  the 
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township  lines  and  east  of  the  range  lines  are  not  eBt&bliahect 
ID  the  field  by  the  United  States  surveyors,  but  in  enbdiriding 
each  sections  said  quarter  corners  should  be  so  placed  as  to  suit 
tlie  calcttiations  of  the  areas  of  the  qtutrter'Sectioni  adjoining  the 
tovmehip  boundanes  as  expressed  upon  the  official  plot,  adopt- 
ing proportionate  measurements  where  the  present  measni-e- 
meots  of  the  north  or  west  bonndaries  of  the  sections  differ 
from  the  original  measarements. 

372.  Ke-ettabUibment  of  Loit  Conien.  The  original  oor< 
ners,  when  thej  can  be  found,  must  stand  as  the  Izue  comers 
they  were  intended  to  represent,  even  though  not  exactly  where 
strict  professional  care  might  have  placed  them   in  the  first. 


As  has  been  observed,  no  existing  original  comer  can  be  dis- 
turbed, and  it  will  be  plain  that  any  excess  or  deficiency  in 
measurements  between  existing  comers  cannot  in  any  degree 
affect  the  distances  beyond  said  existing  comers,  but  must  be 
added  or  subtracted  proportionately  to  or  from  the  intervale 
embraced  between  the  comers  which  are  still  standing. 

373.   Bmnmary  of  Objeoti  and  Stta  nqnind  to  be  looted. 

The  precise  length  of  every  line  run,  noting  all  necessai^  off- 
sets therefrom,  with  the  reason  and  mode  thereof. 

The  kind  and  diameter  of  all  bearing  trees,  with  the  course 
and  distance  of  the  same  from  their  respective  comers,  and  the 
predse  relative  j>osition  of  witness  comers  to  the  true  comers. 

The  kind  of  materials  of  which  comers  are  constructed. 

Trees  on  line.  The  name,  diameter,  and  distance  on  line  to  - 
all  trees  which  it  Intersects. 

Intersections  by  line  of  Zand  objects.  The  distance  at  which 
the  line  first  intersects  and  then  leaves  every  settler's  daim  and 
improvements;  prairie,  river,  creek,  or  other  "  bottom "  ;  or 
swamp,  marsh,  grove,  and  windfall,  with  the  course  of  the 
same  at  both  points  of  intersection ;  also  the  distances  at  which 
you  begin  to  ascend,  arrive  at  the  top,  begin  to  descend,  and- 
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reach  the  foot  of  all  remariuble  billa  and  ridges,  Tith  their 
courses,  and  egtimcUed  height,  Id  feet,  above  the  level  laad  of 
the  aomniDding  couatry,  or  above  the  bottom  lands,  ravines, 
(»  waters  near  which  they  are  situated. 

Intersection  by  line  of  water  objects. 

AU  rivers,  creeks,  and  smaller  streams  of  water  which  the 
line  crosses ;  the  distances  on  line  at  the  points  of  intersection  ; 
and  their  widtlis  on  line.  In  cases  of  navigable  streams,  their 
width  will  be  ascertained  between  the  meander  cornera,  as  set 
forth  under  the  proper  head. 

The  land's  surface  —  whether  level,  rolling,  broken,  or  hilly. 

The  soil  —  whether  first,  second,  third,  or  fourth  rate. 

Timber  —  the  several  kinds  of  timber  and  undergrowth,  in 
the  order  in  which  they  predominate. 

Bottom  lands  —  to  be  deacribed  as  wet  or  dry ;  and  if  sub- 
ject to  inundation,  state  to  what  depth. 

Springs  of  water  —  whether  fresh,  saline,  or  mineral,  with 
the  course  of  the  stream  flowing  from  them. 

Lakes  and  ponds  —  describing  their  banks  and  giving  their 
height,  and  also  depth  of  water,  and  whether  it  be  pure  or 
stagnant. 

Improvements — towns  and  villages ;  houses  or  cabins ;  fields, 
<»  other  improvements ;  sngar-tree  groves,  sugar  camps,  mill 
seats,  foi^es,  and  factories. 

Coo!  bank  or  beds ;  peat  or  turf  grounds ;  minerals  and  ores, 
with  particular  description  of  the  same  as  to  quality  and  extent, 
and  ail  diggings  therefor;  also  salt  springs  and  licks.  AU 
reliable  information  yon  can  obtain  respecting  these  objects, 
whether  they  be  on  your  immediate  line  or  not,  is  to  appear 
on  the  general  description  to  be  given  at  the  end  of  the  notes. 

Roads  and  trails,  with  their  directions  whence  and  whither. 

Bapids,  cataracts,  cascades,  or  falls  of  water,  with  the  esti- 
mated height  of  their  fall  in  feet. 

Precipices,  caves,  sink  holes,  ravines,  stone  quarries,  ledges 
of  rocks,  with  the  kind  of  stone  they  afford. 

Natural  euriomtiea,  interesting  fossils,  petrifactions,  organic 
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remains,  etc. ;  also  »i\  ancient  works  of  art,  anch  as  mounda, 
fortifications,  embankmects,  ditches,  or  objects  of  like  natare. 

The  variation  of  the  needle  must  be  noted  at  all  points  or 
places  on  the  lines  where  there  is  found  any  material  change 
of  variation ;  and  the  positions  of  sncb  points  must  be  perfectly 
identi6ed  in  the  notes. 

Besides  the  ordinary  notes  taken  on  line  (and  which  mast 
always  be  written  down  on  the  spot,  leaving  nothing  to  be  sup- 
plied by  memory) ,  the  deputy  will  subjoin,  at  the  conclusion  of 
his  book,  such  further  description  or  information  touching  any 
matter  or  thing  connected  with  the  township  (or  other  surrey) 
which  he  may  be  able  to  afford,  and  may  deem  useful  or  neces- 
sary to  be  known,  with  a  general  description  of  the  township  in 
the  aggregate,  as  respects  the  face  of  the  country,  Its  soil  and 
geolt^ical  features,  timber,  minerals,  waters,  etc. 

374.  SpMunem  Field  HotM  of  the  sorvey  of  tbe  Third 
Standard  Parallel  North,  throogh  Range  No.  21  east,  of  the 
principal  base  and  meridian  in  the  Territory  of  Montana,  aa 
surveyed  by  James  Pi^e,  U.  S.  Deputy  Surveyor. 

On  the  nigbt  of  August  32,  1880,  I  to<^  observation  on  the 
star  Polaris,  in  accordance  with  instmctiona  contained  in  the 
"  Manual  of  Surveys,"  and  drove  pickets  on  the  line  thus  estab- 
lished. 

Survey  commenced  August  23,  1880,  with  a  Bnrt's  Improved 
Solar  Compass. 

Before  commencing  this  survey,  I  test  my  compass  on  tbe 
line  estabUslied  last  night,  and  find  it  correct.  I  b^n  at  the 
standard  comer  to  townships  13  north,  ranges  20  and  21  east, 
which  is  a  post,  4  inches  square,  marked: 

S.C,  T.  18  N.,  on  N. ;  E.  21  E.,  S.  31,  on  E. ;  and  R. 
20  E.,  S.  36,  on  W.  faces,  with  6  notches  on  N.,  E.,  and  W. 
faces,  and  pite  N.,  E.,  and  W.  of  post,  6  ft.  diet.,  and  monnd 
of  earth  around  post. 

Tbence  I  run 
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18.00 
40.00 


57.00 
80.00 


21.85 
40.00 


VMit,  on  S-  boundary  Sec.  31. 
Variation  20^°  £. 
Aaceod. 

A  point  about  300  ft.  above  tovnship  cor.  top  of  ridge. 
Set  a  sandstone  18  x  8  x  d  ins.,  12  ins.  in  tke 
ground,  for  staodard  ^  sec.  cor.  marked  S.C.  ^  on 
N.  face ;  dug  pita  18  x  18  X  12  ine.  E.  and  W.  of 
atone,  5^  ft.  diat.,  and  raised  a  mound  ot  eartb 
1^  ft.  high,  3^  ft.  base  alongside ;  tbence 
Enter  pine  timber. 

Set  a  sandatone  24  x  10  x  7  ine.,  16  ins.  in  the  ground 
for  standard  cor.  to  sees.  31  and  32,  marked  S.C. 
with  5  notcbea  on  E.  and  1  notch  on  W.  edges ; 
from  which 

A  pine,  12  ins.  diam.,  bears  14.  77°  £.,  41  Iks.  dist., 
marked  T.  13  N.,  R.  21  E.,  S.  32  B.T. ; 

A  pine,  18  ins.  diam.,  bears  N.  50°  W.,  20  Iks.  dist., 
marked  T.  13  N.,  R.  21  E.,  S.  81  B.T.  ; 

A  pine,  7  ius.  diam.,  bears  S.  30°  W.,  119  Iks.  dist., 
marked  T.  12  N.,  R.  21  E.,  S.  5  B.T. 

Land,  liigh,  mountainona,  hilly,  and  rolling. 

Soil,  sandy,  gravel,  and  rocky ;  4th  rate. 

Timber,  pine.  23  chs. ;  mostly  dead  and  fallen. 


Elast  on  S.  boundary  Sec.  32. 
Through  timber. 
Va.  20i°  E. 

Ravine,  course  8.,  about  30  ft.  deep. ' 

Ravine,  course  S.  20°  E.,  about  20  ft.  deep. 

Set  a  sandstone,  18x14x5  ins.,  12  ins.  in  the  ground, 
for  standard  \  sec.  cor.  marked  S.C,  J  on  N.  face, 
and  raised  a  mound  of  stone  alongside. 

Pits  impracticable. 

Top  of  ridge,  about  100  ft.  high. 

Ravine,  course  S.,  about  40  feet  deep. 
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t>et  a  poet,  4|  ft.  long,  i  ins.  square,  vitb  marked 

stone,  12  ins.  in  the  ground,  for  standard  cor.  to 

sees.  32  and  33,  marked  : 

S.C,  T.  13  N.,  R.  21  E.,  on  N. ; 
S.  83,  on  E. ;  and 
S.  32,  on  W.  faces,  with  4  notches  on  E.  and  2  DOtches 

OD  W.  faces,  and  raised  a  mound  of  stone  2  fL 

high,  4^  ft.  base,  around  post. 
Land,  high  and  mountainous. 
Soil,  sandjr,  grarelly,  and  rock; ;  4th  rate- 
Timber,  pine,   and    fir,    80  chs. ;    mostly  dead  and 

fallen ;  some  thick  undergrowth,  same. 


375.  Speoimni  Field  Votet  of  the  sun-ey  of  Township  No. 
6  north.  Range  No.  34  cast,  of  the  principal  base  and  meridiau 
of  Montana  Territory. 


16.40 

40.00 
79.96 


East,  on  random  line,  bet.  sees.  5  and  8. 

Va.  18°  45'  E. 
Over  roiling  ground. 
Road  to  Williamabuig,  couree  S. 
Set  temporary  ^  see.  cor. 
Intersected  N.  and  S.  line  6  Iks.  N.  of  cor.  to  sees. 

4,  5,  8,  and  9. 
Thence  I  run 
N.  89°  56'  W.  on  true  line,  bet.  sees.  5  and  8,  with 

same  Va. 
Set  a  post  3  ft.  long,  3  ins.  sqnare,  with  marked  stone, 

12  ins.  in  the  ground,  for  ^  sec.  cor.  marked  \  S. 

on  N.  face ;  dug  pits,  18  x  18  x  12  ins.  E.  and  W. 

of  post  5^  ft.  dist.,  and  raised  a  mound  of  earth, 

1^  ft.  high,  3}  ft.  base,  around  post. 
The  cor.  to  sees.  5,  6,  7,  and  8. 
Land,  rolling. 
Soil,  sandy  ;  2d  rate. 
No  timber. 
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West,  on  ramJom  line,  between  eeca.  6  and  7. 

Over  rolling  ground. 

27.15 

RoKd  to  WiUiamsborg,  course  S. 

40.00 

Set  temporary  }  aeo.  cor. 

78.40 

to  eecs.  1,  6,  7,  and  12,  which  is  a  poBt,  4  ft.  long, 

4  ins.  square,  marked : 

T.  6  N.S.  6  on  N.E. 

R.  34  E.S.  7  on  S.E. 

E.  33  E.S.  12  on  S.W., 

and  S.  1  OD  N.W.  faces,  with  pits",  18  x  18  x  12 

ins.  in  each  sec.,  b\  ft.  dist.,  and  moond  of  earth. 

2  ft.  high,  4}  ft.  base,  aronod  poet. 

Thence  I  run 

S.  89°  54'  E.  on  a  true  tine,  bet.  Bees.  6  and  7,  witti 

same  Va. 

88.40 

Set  a  eandstone,  18  x  14  x  3  ins.,  12  ins.  in  the  ground. 

for  i  sec.  cor.,  marked  \  on  N.  side ;   dog  pits 

18  X  18  X  12  ins.  £.  and  W.  of  stone  5^  ft.  distant, 

and  raised  a  monnd  of  earth,  IJ  ft.  high,  8J  base. 

atongside. 

78.40 

The  cor.  to  aeca.  6,  6,  7,  and  8. 

Land,  rolling. 

Soil,  sandy ;  2d  rate. 

No  timber. 

North,  on  a  random  line,  bet.  sees.  5  and  6. 

Va.  18°  45'  E. 

Over  rolling  ground. 

40.00 

Set  temporary  \  sec.  cor. 

Intersect  N.  boundary  of  township  20  Iks.  E.  of  cor. 

to  sees.  5,   6,  31,  and  32,  which  is  a  sandstone 

30  X  12  X  6  ins.,  marked  with  5  notches  on  E.  and 

one  notch  on  W.  edges,  and  mound  of  stone,  2  ft. 

high,  4^  ft.  base,  alongside. 

Thence  I  run 
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S.  0°  09'  E.  OD  a  true  line  bet.  sees.  5  and  6,  with 
aame  Va. 

Set  a  sandBtone,  16  x  12  x  3  ins.  11  ins.  in  the  ground, 
for  ^  sec.  cor.  marked  ^  on  W.  face ;  dug  pits, 
18  X  18  X  12  iae.,  N.  and  S.  of  stone,  &|  ft.  dist, 
and  raised  a  monnd  of  earth,  H  ft.  liigh,  S^  ft. 
base,  alongside. 

The  oor.  to  aece.  5,  6,  7,  and  8. 

Land,  rolling. 

Soil,  sandy ;  2d  rate. 

No  timber. 


INCLINATION  OF  TEB  MBBIDIAN.* 

376.   In  projecting  arcs  of  a  great  circle  it  is  of  the  utmoat 
importance  that  the  surveyor  be  able  to  tell  the  inclination  of 
the  meridiaos  for  any  latitude,  and  for 
[-  any  distance  of  eastings  or  westings. 
In  the  following  figure,  let  the  two 
arcs  AG  and  BG  be  two  arcs  of  a 
J(7_quadrant  of  the  meridian  1°  of  longi- 
tude apart.     Let  AB  =  the  arc  of   1° 
.p  of  longitude  on  the  equator  =  69.16 
miles. 

Let  DE  be  an  arc  of  longitude  on 
any  pai-allel  of  latitude.  Also,  let  ES 
and  DJt  be  the  tangents  of  those  me- 
ridians meeting  in  the  earth's  axis 
produced,  and  corresponding  to  the 
parallel  of  latitude  DE. 
Then  the  line  EF=DF=  cos  i  =  cos  AD  or  BE.  Also, 
the  angle  DFE  =  1°,  and  the  angle  DHE  =  the  inclination  of 

*  Theie  artielcB  oa  the  inclination  and  conrergencj  of  meridiani,  and 
the  table  calculated  in  accordsnce  therewith,  are  tubstanlially  thcwe  giren 
in  the  1886  catalogue  of  engineers'  and  aarreyora'  inatnunenta,  b;  Buff 
and  Berger,  Boston,  Maas. 
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the  meridiana,  which  is  the  angle  we  wish  to  find,  and  which 
we  will  represent  by  X'.  And  because  the  two  triangles  FDE 
and  DHE  are  on  the  same  base  ED,  and  isosceles,  tiieir  vertical 
angles  vary  inversely  as  their  sides  ;  and  we  have  t^e  eqnatioD* 
1°  X  EF=  X°  X  EH. 

But  EF=  cos  L,  and  EH^  cot  L ; 

hence  X*  cot  Z  =  1°  coa  L, 

or  X°  =  COB  2,  -I-  cot  i  =  Bin  i.  (a) 

That  is  to  say, 

The  inclination  of  the  Tneridiantfor  any  difference  of  longitude 
varies  aa  the  sine  of  the  latitude. 

Since  the  sine  of  the  latitade  is  the  inclinatioa  in  dedmals 
of  a  degree,  for  one  degree  of  longitude,  if  we  multiply  by  3600" 
we  Bhall  have  the  inclinatioQ  in  Beconda  of  arc.  Then,  if  we 
divide  this  by  the  number  of  miles  in  one  degree  of  longitude 
ou  that  latitude,  we  shall  have  the  inclinatioa  due  to  one  mile 
on  that  parallel.     Thna,  for 

Latitude  43° log.  sin  =  9.833783 

Multiply  by  8600" *<     ■>    =  3.5563Q3 

3.390086 
Divide  by  50.66m.  =  1°  long,  on  that  L,  log.  =  1.704682 
48.46"  =  iDclination  for  one  mile  of  long.  1.683404 

The  use  of  the  indinaiion,  as  found  by  the  preceding  article, 
ia  to  show  the  surveyor  how  much  he  must  deflect  a  line  of 
Burvej  from  the  due  east  or  west,  to  have  it  meet  the  parallel 
at  a  given  distance  from  the  initial  point  of  the  survey ;  for 
it  will  be  remembered  that  a  parallel  of  latitude  ia  a  curve 
having  the  cosine  of  the  latitude  for  its  radius.  And  the  line 
due  east  or  weat  is  the  tangent  of  the  curve. 

Thus,  on  latitude  43°,  it  is  desired  to  project  a  sis-mile  tine 
west,  for  the  southerly  line  of  a  township. 

Remembering  that  in  an  isoBcelea  triangle  the  angle  at  the 
base  is  less  than  a  right  angle  by  half  ^he  angle  at  the  vertex, 
deflect  a  line  towards  the  pole  by  the  inclination  due  to  tAree 
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miles,  —  or  in  thia  case  48.46"  x  3  =  2'.25";  i.e.,  dejleaion  := 
i  indinaiion. 

The  table  on  next  page,  which  waa  computed  from  the  for- 
mula (a)  above,  gives  the  inclination  for  one  mile,  and  for  six 
miles  on  any  parallel,  from  10°  to  60°  of  latitude ;  also  the 
convergent  for  six  mileB,  on  anj  latitude. 

377.  Thfl  Convergenoy  of  the  Heridian  is  readily  found  for 
any  given  distance  from  the  corresponding  inclination,  by  mul- 
tiplying the  sine  of  the  inclination  by  the  given  distance. 

Thus,  for  latitude  43°,  the  inclination  for  one  mile  is  48.46";   , 
the  sine  of  which  is  0.000235.     ThiB,  multiplied  by  the  number 
of  links  in  a  mile,  which  =  8,000,  we  have  tbe  conver^ncy  for 
one  mile,  =  1.88  links. 

Multiplying  this  by  the  number  of  miles  in  a  township,  =  S6, 
and  we  have  the  convergency  for  a  township,  =  67.68  links. 
In  this  .  manner  were  the  couvergeuciea  of  the  Table  com- 
puted. 

37&  Deflection  of  Range-LinM  from  Xeridian.  The  second 
column  of  the  table  shows  the  surveyor  how  much  be  must  de- 
flect the  range  lines  between  the  several  sections  of  a  township 
from  the  meridian,  in  order  to  make  the  consecntive  ranges 
of  sections  in  a  township  of  uniform  width,  for  the  purpose  of 
throwing  the  effects  of  convergencj'  into  the  most  westerly 
range  of  quarter- sections,  agreeably  to  law. 

Thus,  say  between  45°  and  55°  of  latitude,  tbe  inclination  is 
practically  1'  for  every  mile  of  easting  or  westing.  Then,  bear- 
ing in  mind  that  in  tbe  United  States  the  surveys  are  r^arded 
as  projected  from  the  east  and  south  to  the  west  and  north,  the 
surveyor  must  project  the  Jirat  range-line  between  the  sections 
of  a  township  in  those  latitudes  i'  to  the  lefi  of  the  meridian. 

The  second,  2' ;  the  third,  3' ;  and  so  on  to  the  f  fth,  which 
must  be  5'  to  the  left  of  tbe  meridian  on  tbe  east  side  of  tbe 
township. 

By  this  means  all  the  convergency  of  the  township  is  thrown 
into  the  sixth,  or  westerly  range  of  sections,  as  the  law  directs. 
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The  fonrth  columa  of  the  table  below  shows  the  amount  of 
this  Gonrergency.  This  columa  ia  also  asefnl  in  subdividing 
a  block  of  territory  embraced  by  two  standard  parallels  and  two 
guide  meridians  into  townsbipa.  Thus,  Starting  a  meridian 
from  a  atandard  parallel  on  latitude  43"  N.,  for  the  western 
boundary  of  a  range  of  township,  —  say  the  first  one  west  from 
tbe  guide  meridian,  —  and  running  north,  aay  four  townships, 
the  surveyor  must  make  a  point  that  is  east  of  tbe  aix-mile  point 
on  the  northern  standard  parallel,  4  x  67.7  links  =  270.8  links. 
The  second  meridian  should  fall  8  x  67.7  links  to  tbe  rigJU  of 
the  twelve-mile  point. 
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For  detaEli  of  instruction  in  United  Stales  OoTemment  Sarveying,  see 
Hawei' System  of  "Rectangular  SarTeying,"  Burt's  " Key  to  Solar  Com- 
pau,"  and  Clevenger'i  "Government  Stirreying." 


)vGoo<^lc 


CHAPTER  VII. 

(STY  SUBVEIIKG. 

nrmoDtTOTioN. 

379.  Id  the  broadest  seoae,  the  duties  of  &  city  eDgioeer  in 
a.  large  city  are  man;  and  varied.  His  knowledge  and  judg- 
ment are  required  in  the  location  of  the  city,  the  laying  out  of 
streets,  and  the  fixing  of  suitable  grades  therefor,  the  establiab- 
ment  of  a  proper  water  supply,  the  designing  of  a  saitable  sys- 
tem of  sewers,  the  improvement  of  the  waterways,  and  the 
planning  of  necessary  bridges  and  buildings.  Following  his 
judicial  functions  as  a  designer  are  his  ministenal  functions  as 
a  constructor.  The  field  which  is  thus  opened  before  him.  in 
carrying  into  execution  the  plans  for  the  various  public  works, 
is  a  very  wide  one. 

As  the  borough  grows  and  expands  into  the  metropolis,  its 
needs  in  the  directions  mentioned  increase  until  a  division  of 
labor  and  reaponsibility  becomes  expedient  and  neceesary.  In 
securing  the  best  results  in  engineering  practice,  as  in  other 
work,  the  tendency  is  towards  specialties ;  so  that  in  many  tuties, 
in  order  to  secure  the  services  of  the  beat  men,  and  also  the 
best  results,  the  numerous  and  important  duties  connected  with 
city  engineering  have  been  separated.  The  province  of  this 
work,  whicli  is  not  a  treatise  on  engineering,  but  on  land  aar- 
veying,  makes  it  proper  to  treat  in  this  chapter,  as  thoronghly 
as  the  intention  and  limits  of  the  work  allow,  only  what  may 
be  classed  under  the  head  of  surveying,  whether  it  be  performed 
as  the  spedal  work  of  the  city  or  town  surveyor,  or  as  among 
the  duties  of  the   city  engineer,  —  the  qualifications  of  the 
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former  by  no  means  fitting  a  man  to  perform  the  varied  duties 
of  the  latter. 

Altliough  this  work  is  intended  for  the  iaBtniction  of  the 
stadent,  not  of  the  experienced  surveyor,  and  hence .  in  many 
things  may  go  into  details  which  to  the  latter  may  aeem  unim- 
portant, it  is  impossible  id  the  limits  of  a  chapter  to  impart  a 
thorough  knowledge  of  the  duties  of  a  city  or  town  surveyor,  — 
indeed,  even  to  mention  all  bis  duties  and  the  many  operations 
and  methods  which  only  a  long  and  varied  practice  can  impart. 
General  methods  will  be  given  and  discussed,  but  any  surveyor 
of  a  practical  turn  of  mind  will  have  his  own  methods  of  per- 
forming much  of  the  routine  work  pertaining  to  bis  situation. 

It  is  not  in  harmony  with  the  plan  of  this  work  to  go  into  the  ' 
atatement  in  this  chapter  of  any  elaborate  theories  regarding 
surveying  and  the  instruments  used  therein,  but  to  endeavor  to 
give  some  methods  which  are  found  to  be  applicable  in  practice 
and  to  give  good  practical  results.  A  thorough  knowledge  of  any 
one  good  method  of  performing  a  certain  work  is  of  much  more 
value  to  the  student  than  a  misty  idea  of  numerous  methods. 

Under  the  two  leading  heads  of  this  chapter,  field  instruments 
and  work  and  office  instriimente  and  work,  theoretical  discus- 
sions will  not  be  entered  into ;  not  because  they  do  not  possess 
much  value,  but  because  we  conceive  that  they  are  not  adapted 
to  the  student's  present  needs  and  most  rapid  advancement. 
Under  the  former  head,  in  the  light  of  the  work  which  is  likely 
to  engage  the  greater  part  of  the  surveyor's  time,  field  instru- 
ments and  methods  of  using  them  will  he  described.  Under 
the  latter,  the  nature  of  office  plans  and,  records  will  be  de- 
scribed, the  instruments  and  methods  used  in  ttie  work  of  pro- 
ducing the  plans  having  been  deeeribed  in  other  chapters. 

In  dividing  land  and  locating  the  boundaries  between  parties 
it  is  evident  that  tlie  greater  the  value  or  the  prospective  value 
of  said  liinds,  the  more  delicate  sliould  be  the  instruments,  and 
the  more  exact  the  metliode  used  in  the  work.  The  methods 
and  instruments  which  would  for  all  practical  purposes  be  suffi- 
ciently exact  for  the  location  of  a  line  fence  in  the  country, 
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wbere  land  might  be  purchased  for  tlOO  per  acre,  wonld  not  at 
all  meet  the  requirements  in  locating  in  a  caty  a  line  between  two 
parties  on  land  worth  tlOO  per  front  foot.  This  fact  becomes 
the  more  evident  when  we  consider  that  the  etructores  placed 
upon  party  lines  in  a  city  are  so  much  more  snbstaDtial  and  per- 
manent in  tlieir  nature  than  those  thus  located  in  the  country. 
To  meet  these  considerations  we  shall  find  that  while  some  of 
the  methods  of  land  surveying  previously  described  in  this  work, 
and  the  inetraoientB  nsed  therein,  are  applicable  to  the  purposes 
of  cit?  surveying,  many  of  ttie  methods  will  be  more  exact,  and 
the  instrnmenta  more  numerous  and  delicate. 

Following  the  plan  heretofore  pnrsned  in  this  work,  we  will, 
before  discussing  the  work  of  the  city  surveyor,  describe  the 
instruments  (not  described  in  previous  chapters)  of  most  gen- 
eral use  in  his  work,  and  explain  their  adjustments  and  the 
general  methods  of  using  them.  These  instruments  are  the 
transit  and  rods,  steel  tapes,  measuring-rods,  pocket-thermome- 
ter, hand-level,  spring-balance,  plummet,  Y-level,  levelling-rods, 
and  rod-levels. 


SECTION  I. 

ImSTRDHEHTS,  THBtR  AtUUaTMENTS  AND   GeIIEBAL  UsES. 
A.    FISLD   INBTBUUENTS. 

380.  The  Transit.  Full  description  of  the  transit,  its  adjust- 
ment and  uses,  may  be  found  in  Chapter  II. 

381.  As  precision  is  the  disliDguishing  feature  of  city  and 
town  surveying,  the  mi^netic  needle,  which  is  usually  found 
upon  the  transits,  is  in  this  work  of  but  little  use.  Angles  in 
carefully  made  surveys  are  now  taken  on  the  horizontal  gradu- 
ated circle  of  the  transit.  The  instmctions  already  given  in  this 
work  regarding  the  mt^netic  needle  are  sufficient  reason  for  fiie 
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above.  It  is,  bowever,  desirable  that  ia  each  city  and  towa 
the  troe  meridian  should  be  detennined  and  permanently  marked. 
Besides  being  useful  in  many  other  ways  which  will  suggest 
themselves,  it  will  be  of  great  use  aa  an  aid  in  determining  the 
situation  of  lines  described  by  their  bearings  in  old  deeds,  the 
date  of  the  old  survey  being  known. 

382.  The  atadia-haira  *  and  vertical  circle  for  stadia- measure- 
meets  are  useful  attachments,  and  the  telescope  should  by  all 
means  have  a  long  level-tube  attached,  as  this  is  of  much  nae 
in  city  and  town  work  in  running  grade  lines  and  in  levelling 
for  short  distances.  After  the  level  and  the  manner  of  using  it 
have  been  described,  the  operation  of  running  a  grade  line  will 
be  explained. 

383.  Sodi.  Beaides  the  usual  iron-pointed  wooden  rods,  very 
convenient  i-ods,  or  pickets,  for  use  with  the  transit,  may  be  made 
of  gas-pipe  alwnt  three-quarters  of  an  inch  in  diameter  drawn 
out  on  one  end  to  a  poiot,  and  painted  in  alteiiiate  sections  of 
red  and  white,  —  red  preferred  to  black  because  against  red  tlie 
cross-hairs  can  be  seen. 

384.  It  is  by  no  means  as  easy  a  matter  to  run  a  striught 
line  with  a  transit  as  at  first  thought  it  may  seem  to  the  Btudent. 
After  the  selection  of  suitable  weather,  reversing  at  every  ex- 
tenalon,  care  in  handling  the  instrument,  and  with  a  correspond- 
ing degree  of  care  on  the  part  of  aseistants,  the  results  are  not 
always  what  the  most  careful  would  desire. 

389.  In  marking  a  line  with  stakes,  it  is  convenient  to  have 
Btake-wood  which,  in  cross-section,  has  one  dimension  greater 
liian  the  other.  If,  in  setting  the  stake,  it  always  be  placed 
with  its  broader  side  towards  the  instrument,  its  position  will 
afterwards  tell  one  at  a  glance  in  which  direction  the  line  waa 
ran.     Tliia  is  important  when  several  stakes  are  act  on  different 

*  Bee  Article!  148  to  152,  Stadia.  Meainremeiiti. 
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lines  near  their  intereection,  as  it  will  often  be  tbe  means  of 
avoiding  confuBion  and  the  resulting  errors. 

386.  Steel  Tapes,  etc.  Before  making  any  important  meas- 
urementa  for  a  cit;  or  town,  it  is  necessary,  in  order  to  avoid 
subsequent  confusion,  that  a  standard  of  measurement  should 
bo  adopted.  In  many  parte  of  an  old  city  or  town  the  intro- 
duction of  a  new  standard  would  biing  inextricable  confusion. 
If  there  be  a  standard,  even  though  it  has  not  been  carefully 
preserved,  it  should,  if  possible,  be  ascertained  and  regarded. 
When,  however,  it  is  at  the  option  of  the  surveyor  to  select  his 
standard,  the  United  States  standard  should,  as  tending  to  nni- 
formity,  be  adopted  in  this  country.  Standard  rods  may  be 
procured  of  the  government.  With  these  rods  tape  lines  and 
other  instruments  used  for  a  line  purpose  should  be  compared, 
acd  the  variation  not«d.  It  is  desirable,  also,  for  purposes  of 
comparison,  that  a  standard,  50  feet  or  100  feet,  at  a  known 
temperature,  should  be  caiefully  laid  down  with  these  rods  in 
the  corridor  of  some  building,  or  in  some  other  convenient 
place. 

Very  accurate  measuring  may  be  done  with  graduated  wooden 
rods  properly  shod  witli  metal  ends.  These  rods  are  necessarily  of 
but  moderat«  length  ;  hence,  work  with  them  is  correspondingly 
slow.  For  city  work,  steel  tapes  are  now  in  very  general  use ; 
and,  when  properly  handled,  give  very  satisfactory  results.  They 
are  of  different  lengths  and  of  different  widths.  For  measur- 
ing fuil  hundreds  over  tolerably  level  ground  the  narrow  tape, 
■^  inch  wide  and  200  feet  long,  is  very  convenient.  For  general 
city  use  the  100-feet  tape,  f  inch  in  vddth,  is  most  convenient. 

387.  As  a  rule  measurements  will  be  made  with  the  tape  in 
a  horizontal  position.  If  not  so  held,  the  measurements  will 
afterwards  be  reduced  to  the  horizontal.  In  order  to  determine 
the  horizontal,  a  band-level  is  used  to  ascertain  the  difference 
in  elevation  of  the  ground  at  the  two  ends  of  the  tape. .  A  cut 
and  description  of  this  convenient  little  instrument  is  given 
below. 
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Loeke't  Hand-Larel  consiBts  of  a  brass  tabe  about  6  incliea 
long,  having,  as  shown  in  the  figure.  &  amall  level  on  top  and 
near  the  object  end,  there  being  also  an  opening  in  the  tube 
beneath,  through  which  the  bubble  can  be  seen,  as  reflected  by 
a  glass  prism,  immediately  under  tbe  level.  Both  ends  of  the 
tube  are  closed  by  plain  glass  settings  to  exclude  the  dnst,  and 
ther&is  at  the  inner  end  of  the  sliding  or  eye  tube  a  semicircu- 
lar convex  lens,  which  serves  to  magnify  the  level  bubble,  and 
cross-wire  underneath,  while  it  allows  the  object  to  be  clearly 
seen  through  the  open  half  of  the  tube. 


The  cross-wire  is  fastened  to  a  little  fraine  moving  under  the 
level-tube,  and  adjusted  to  its  place  by  the  small  screw  shown 
on  the  end  of  tbe  level-case.  The  level  of  any  object  in  line 
with  the  eye  of  the  observer  is  determined  by  sighting  upon  it 
through  the  tnbe,  and  bringing  the  air-bubble  of  the  level  into 
a  position  where  it  is  bisected  by  the  cross-wire. 

A  short  telescope  is  sometimea  applied  in  place  of  tbe  plain 
glass  ends,  enabling  levels  to  be  t^en  at  greater  distances  and 
with  increased  accuracy. 

If  one  or  both  ends  of  the  tape  be  held  up,  the  point  on  the 
ground  vertically  under  the  end  of  the  tape  will  be  determined 
by  means  of  the  plummet,  which  here  needs  no  description 
fiirther  than  to  say  that  its  sides  should  make  such  an  angle 
with  each  other  as  not  to  prevent  the  observer  when  using  it 
from  seeing  its  point ;  neither  should  it  be  so  long  as  to  be 
unsteady. 

In  all  extended  and  important  measurements  r^ard  pmst  be 
had  in  using  the  steel  tape  to  standard,  temperature,  s^,  and 
wind. 

Before  using  a  tape  its  relation  to  the  standard  should  be 


)v  Google 


884  PIUANB  SUBVBYINa. 

determined  bj  comparison  with  tbe  staudard,  marked  as  pre- 
Tiously  described,  and  tbe  variation  noted. 

388-  All  important  measurements,  no  matter  at  what  tem- 
perature made,  shoald  be  reduced  to  a  standard  temperature ; 
for  if,  at  a  certain  temperature,  we  determined  with  a  steel  tape 
tbe  dbtance  apart  of  two  points,  at  a  higher  temperature  that 
distance  on  the  same  tape  would  be  Less  because  the  tape  is 
longer ;  or,  at  a  lower  temperature,  greater,  because  the  tape  is 
shorter.  The  temperature  of  the  air  at  the  time  of  measurement 
is  ascertained  by  means  of  a  small  thermometer  which  can  be 
exposed  with  tbe  tape,  and  which  ie  so  prot«cted  that,  when  not 
in  use,  it  can  be  safely  carried  in  the  pocket.  The  standard 
temperature  to  which  all  measurements  should  be  reduced  may 
be  taken  at  pleasure.  The  correction  for  expausioo  and  con- 
traction of  the  steel  tape  by  beat  and  cold  is  O.OOOOOfiper  unit 
per  d^ree  F. 

389.  When  the  tape  is  held  suspended,  it  will  always  sag  in 
a  vertical  direction.  Hence  tbe  horizontal  distance  between 
the  extreme  graduations  will  be  less  than  if  there  were  no  sag. 
For  this  reason,  when  used  to  measure  the  distance  between 
two  points,  it  will,  without  correction,  give  a  result  too  great ; 
when  used  without  correction  to  lay  down  a  given  distance,  it 
wiU  give  it  too  small.  While  a  formula  may  be  derived  by 
which  to  make  a  correction  for  sag,  it  nill  be  found  quite  as 
satisfactory  to  determine  it  by  actual  trial.  Tbe  amount  of 
Bag  will  of  course  depend  upon  the  teusion.  or  pull.  This  may 
be  regulated  by  using  at  one  end  of  the  tape  a  small  spring- 
balance.  It  is,  however)  very  desirable  that  on  important  work 
the  same  men  at  the  same  ends  of  the  tape  should  make  all 
measurements.  The  experience  gained  in  working  t<^ther 
will  be  a  most  important  factor  in  securing  uniform  results. 

Tbe  effect  of  wind  is  in  the  same  direction  as  that  of  sag. 
While  much  of  the  work  of  the  surveyor,  particulai^y  that  iu- 
volving  short  measurements,  must  be  done  regardless  of  wind. 
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oo  good  resnlts  in  long  and  important  measarementa  can  be 
eecnred  in  vind;  weather.  The  beat  correction  for  wind  is  to 
wait  for  a  calm.  In  windy  weather  a  narrow  tape,  as  it  ex- 
poses less  surface  to  the  wind,  is  neeful. 


390.   To  illustrate  what  has  been  said  in  r^ard  to  the  o 
taooB  to  be  applied  to  measuremeots  made  with  the  steel  tapei 
let  OB  suppose  two  examples. 

.  liHret.  With  a  steel  tape  100  feet  long  (j-  inch  wide)  sus- 
pended each  length  st  one  or  both  ends,  the  temperature  of 
the  air  being  79°  F.,  the  distance  on  the  tape  between  two 
points  is  fouod  to  be  550  feet  6|  inches.  If  the  tape  ie  -^ 
inch  longer  than  the  standard,  and  parts  of  its  length  propor- 
tionately longer,  tlie  standard  temperature,  60°  F.,  and  the  sag 
i  inch  in  100  feet,  what  are  the  corrections,  and  what  is  tlie 
actual  distance  between  the  points? 

On  account  of  difFering  from  the  standard,  as  the  tape  is  too 
long,  the  distance  obtained  is  too  short ;  the  correction  for 
standard  is  therefore  addiUve.  On  account  of  diflFereoce  in 
temperature,  the  temperature  being  higher  than  the  standard, 
ae  the  tape  is  too  long,  the  distance  obtained  is  too  short; 
the  correction  for  temjwrature  is  therefore  additive.  On 
account  of  the  sag,  as  the  tape  is  thereby  made  too  short,  the 
distance  obtained  is  too  long ;  the  correction  for  sag  is  there- 
fore subtract!  ve. 
Correction  for  standard : 

^  in.  X  5}  :k  -^  in.  additive- 
Correctioii  for  temperature  (79°  —  60°  =  19°) : 
0.000006  ft.  X  550  X  19  =  0.0627  ft. 
0.0627  ft.  X  12  =  0.7524  in.  =  |*  in.  additive. 
Correction  for  s^ : 

J  in.  X  5^  =  ^  in.  subtractive. 
Total  correction : 

+  1*  in.  +iJin.  -fl  in.  =  -(-tV  *n-  additive. 
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Actaal  distance  between  pointB : 

550  ft.  6J  in.  +  ^  in.  =  550  ft.  6^^  in. 
Second.   Suppose   it  be  required,  —  other  things  being  as 
before,  —  to  locate  with  the  steel  tape,  when  the  temperature 
of  the  air  is  52°  F.,  two  points  which  shall  at  the  standiird 
temperatare  be  225  feet  4^  inches  apart. 
What  lenglfa  on  the  tape  must  be  taken  ? 
Correction  for  standard : 

-^  in.  X  2i  B  ^  In.  sabtractive. 
Correction  for  temperatare  (60°  —  52°  =  8°)  : 
0.000006  ft.  X  225  X  8  =  0.0108  ft. 
O.Oloa  ft.  X  12=  0.1296  ID.  =  ^  in.  additive. 
Correction  for  eag : 

^  in.  X  2^  =  If  in.  additive. 
Total  correction : 

— 9^in. +^in. +^in.  =  +^in.  additive. 
Length  to  be  taken  on  tape : 

225  ft.  4^^  in.  +^  in.  =  225  ft.  4ff  in. 
When  the  tape  is  not  suspended,  correction  for  sag  will  not 
be  made. 

In  shoit  and  lees  important  meaanremente  the  same  attention 
to  corrections  is  not  necessary. 

In  practice,  the  above  method  has  been  found  to  give  satis- 
factory results. 

3S1.  In  placing  stakes  to  hold  measorements,  it  is  best,  and 
in  harmony  with  the  method  suggested  for  placing  them  on 
instrument  lines,  to  set  them  with  the  greater  dimension  of 
cross-section  in  the  direction  in  which  the  measurement  is 
being  made. 

Measuring  is  a  very  important  part  of  tiie  work  of  the  sur- 
veyor.  Even  when  done  with  the  greatest  care,  it  is  difficult  to 
obtain  results  entirely  satisfsctorj. 
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Measurements  which  ore  to  be  directly  compared,  or  are  to 
be  used  in  eonaeotiou,  as  in  locating  parallel  lines,  should  be 
made  under  circumstaaces  as  nearly  aa  possible  identical. 
Experience  and  a  correct  idea  of  the  importance  of  the  work 
will  enable  the  surveyor  to  determine  the  degree  of  accuracy 
therein  necessary. 

Letelling-Imstrdmknts  . 

393.  Hw  T-lereL  Of  the  differeat  varieties  of  the  levelling- 
instrument,  that  termed  the  Y-level  has  been  almost  universally 
preferred  by  American  engineers,  on  account  of  the  facility  of 
its  adjustment  and  superior  accuracy. 

The  engraving  represeuts  a  twenty-inch  Y-level  as  made  by 
W.  and  L.  E.  Gurley,  Troy,  N.Y. 

393.  Hw  Telescope  has  at  each  end  a  ring  of  bell-metal, 
turned  very  truly,  and  both  of  exactly  the  same  diameter ;  by 
these  it  revolves  in  the  wyes,  or  can  be  at  pleasure  clamped  in 
any  position  when  the  clips  of  the  wyes  are  brought  down  upon 
the  rings,  by  pushing  in  the  tapering-pins. 

394.  The  Lerel  or  ground  bubble  tube  is  attached  to  the 
under  side  of  the  telescope,  and  fkirnished  at  the  different  ends 
with  the  usual  mOTemeats,  in  both  horizontal  and  vertical 
directions. 

The  aperture  of  tfae  tube,  through  which  the  glass  vial 
appears,  is  about  5^  inches  long,  being  crossed  at  the  centre 
by  a  small  rib  or  bridge,  wliich  greatly  strengthens  the  tube. 

The  level-scale  which  extends  over  the  whole  length  ts 
graduated  into  tenths  of  an  inch,  and  figured  at  every  fifth 
division,  counting  from  zero  at  the  centre  of  tbe  bridge;  the 
scale  is  set  close  to  the  glass. 

The  bubble  vial  is  made  of  thick  glass  tube,  selected  so  as  to 
have  an  even  bore  from  end  to  end;  and  finely  ground  on  its 
upper  interior  surface,  that  the  run  of  the  air-bubble  may  be 
uniform  throughout  its  whole  range. 
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396.  The  Wyet  are  made  large  and  strong,  of  the  beat  bell- 
metal,  and  each  has  two  nnte,  both  being  adjustable  with  the 
ordinary  steel  pin. 

The  clips  are  bronght  down  on  the  rings  of  the  telescope- 
tabe  by  the  T-pins,  which  are  made  tapering,  bo  as  to  clamp 
the  rings  very  firmly. 

The  clip  of  one  of  the  wyee  has  a  little  pin  projecting  from 
it,  which,  entering  a  recess  filed  in  the  edge  of  the  ring,  insures 
the  vertical  positioii  of  the  level  and  cross-wire. 

396.  The  Level-Bar  is  made  round,  of  the  best  bell-metal, 
and  shaped  so  as  to  possess  the  greatest  strength  in  the  parts 
most  subject  to  sudden  strains. 

Connected  with  the  level-bar  is  the  head  of  the  tripod- 
socket. 

397.  The  Tripod-Sooket  is  oomponnd;  the  interior  spindle 
D,  sectional  view,  upon  which  the  whole  instrument  is  sup- 
ported, is  made  of  steel,  and  nicely  ground,  so  as  to  turn 
evenly  and  firmly  in  a  hollow  cylinder  of  bell-metal ;  this, 
^ain,  has  its  exterior  surface  fitted  and  gronnd  to  the  main 
socket  EE  of  the  tripod-head. 

The  bronze  cylinder  is  held  upon  the  spindle  by  a  washer 
and  screw,  the  head  of  the  last  having  a  hole  in  its  centre, 
through  which  the  string  of  the  plnmb-bob  is  passed. 

The  Adjcstments. 

396.  The  three  adjustments  of  the  level  which  the  snrveyw 
OBually  has  to  attend  to  are  the  following : 

1.  To  adjaat  the  line  of  coltimation,  or,  in  other  words,  to 
bring  both  wires  into  the  optical  axis,  so  that  their  point  of 
intersection  will  remain  on  any  given  point  during  an  enUre 
revolution  of  tlie  telescope. 

2.  To  bring  the  level-bubble  parallel  with  the  bearings  of  the 
T-ringB,  and  with  the  longitudinal  axis  of  the  telescope. 


)v  Google 


FIELD  IN8TBTI11BNTS.  841 

3.  To  adjwa  the  wiyea,  or  to  bring  the  babble  into  a  position 
at  right  angles  to  the  "vertical  axis  of  the  inBtrumeat. 

399.  To  Adjwt  tlie  Line  of  CoUimatioii,  set  the  tripod  firmly, 
remove  the  Y-pine  from  the  clips,  bo  aa  to  aJlow  the  telescope 
to  torn  freely,  clamp  the  instnunent  to  the  tripod-head,  and,  by 
the  levelling  and  tangent  screws,  bring  either  of  the  wirea  npon 
a  clearly  marked  edge  of  some  object,  distant  fh>m  100  to  500 
feet. 

Then,  with  the  hand,  carefully  turn  the  telescope  half-way 
around,  ao  that  the  same  wire  ia  compared  with  the  object 
assumed. 

Shonld  it  be  found  above  or  below,  bring  it  half-way  back  by 
moving  the  capstan-head  screws  at  right  angles  to  it,  remem- 
bering always  the  ioverting  property  of  the  eye-piece ;  now 
bring  the  wire  again  upon  the  object,  and  repeat  the  first 
operation  until  it  will  reverse  correctly. 

Proceed  in  the  same  manner  with  the  other  wire  nnt^l  the 
adjustment  is  completed. 

Should  both  wires  be  much  oat,  it  will  be  well  to  bring  them 
nearly  correct  before  either  ie  entirely  adjusted. 

When  this  is  efi^cted,  unscrew  the  covering  of  the  eye-piece 
ceutring-screwB,  shown  in  the  sectioaal  view  at  AA,  and  move 
eacli  pair  in  succession  with  a  small  screw-driver,  until  the  wires 
are  brought  into  the  centre  of  the  field  of  view. 

The  inverting  property  of  the  eye-piece  does  not  affect  this 
operation,  and  the  screws  are  moved  direct. 

To  teBt  the  correctness  of  the  centring,  revolve  the  telescope, 
and  observe  whether  it  appearB  to  shift  the  position  of  ao 
object. 

Should  any  movement  be  perceived,  the  centring  is  not 
perfectly  effected. 

It  may  here  be  repeated,  that  in  all  telescopes  the  poaitioo 
and  adjustment  of  the  line  of  colllmation  depends  upon  that  of 
the  object-glass ;  and,  therefore,  that  the  movement  of  the  eye- 
piece does  not  affect  the  adjustment  of  the  wires  in  any  respect. 
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Wbea  the  centriag  baa  been  ODoe  effected,  !t  remaina  per- 
maneDt,  the  cover  being  screwed  od  ftgain  to  conceal  and 
protect  it  from  denuigeineQt  at  the  luods  of  the  curious  or 
inexperienced  operator. 

400.  To  Adjust  the  Lflvel-Biibble.  Clamp  tlie  ioetmment 
orer  eittier  pair  of  levelling-Bcrews,  and  bring  the  bubble  into  the 
centre  of  the  tabe. 

Kov  torn  the  telescope  in  the  wyes,  so  as  to  bring  the  level- 
tube  on  either  aide  of  the  centre  of  the  bar.  Shonld  the  tmbble 
roD  to  the  end,  it  would  show  that  the  vertical  plane  passing 
through  the  centre  of  the  bubble  was  not  parallel  to  that  drawn 
through  the  axis  of  the  telescope-ringe. 

To  correct  tiie  error,  bring  the  bubble  entirely  back,  inOt 
the  capstan-bead  screws,  which  are  set  in  either  side  of  the 
level-bolder,  placed  naually  at  the  object  end  of  the  tube. 

AgEun  bring  the  level-tube  over  the  centre  of  the  bar,  and 
tiie  bubble  to  the  centre ;  turn  the  level  to  either  side,  and,  if 
necessary,  repeat  the  correction  until  the  bubble  will  keep  its 
poeitioD,  when  the  tube  is  tamed  half  an  inch  or  more  to  either 
side  of  the  centre  of  the  bar. 

The  necessity  for  tliis  opOTati<ni  arises  from  the  fact  that 
when  the  telescope  is  reversed  end  for  end  iu  the  wyes  in  the 
other  and  principal  adjustment  of  the  bubble,  we  are  not  certain 
of  placing  the  level-tube  in  the  same  vertical  plane ;  and  there- 
fore it  would  be  almost  impossible  to  effect  the  adjustment 
without  a  lateral  correction. 

Having  now,  in  great  measure,  removed  the  preparatory 
difficulties,  we  proceed  to  make  the  level-tube  parallel  witii 
the  bearings  of  the  Y-rings. 

To  do  this,  bring  the  bubble  into  the  centre  with  the  levelling- 
ecrews,  and  then,  without  jarring  the  instrument,  take  the 
telesoope  out  of  the  wyes  and  reverse  it  end  for  end.  Shonld 
the  bubble  mn  to  either  end,  lower  that  end,  or,  what  is  equiva- 
lent, raise  the  other  by  turning  the  snuUl  adjusting-nuts,  on  one 
end  of  the  level,  until  by  estimation  half  the  correction  is  made ; 
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itgidn  bring  the  babble  into  the  centre,  and  repeat  the  ifbxAe 
-operation,  until  the  rerersion  can  be  made  without  causing  any 
■diange  in  ttie  bubble. 

It  would  be  well  to  test  the  lateral  adjustment,  and  make 

each  correction  as  may  be  necesBary  in  that,  before  the  hm* 

contal  adjustment  is  entirely  completed. 

401.  To  Adjvit  th«  WyM.  Having  effected  the  previouB 
adjuBtmeots,  it  remains  now  to  describe  that  of  the  wyee,  or, 
more  precisely,  that  which  brings  tiie  level  into  position  at 
right  angles  to  the  vertical  axis,  so  that  the  babble  will  remun 
in  the  centre  daring  an  entire  revolution  of  the  instrument. 

To  do  this,  bring  the  level-tube  directly  over  tbe  centre  of 
tlie  bar,  and  clamp  the  telescope  firmly  in  the  wyes,  placing 
it,  as  before,  over  two  of  the  levelUng-ficrews,  unclsmp  the 
socket,  level  tbe  babble,  and  tum  the  instrament  half-way 
around,  so  that  the  level-bar  may  occupy  tbe  same  position 
with  respect  to  tbe  levelling-screws  beneath. 

Should  tbe  bubUe  run  to  either  end,  bring  it  half-way  back 
by  the  T-nnts  on  either  end  of  the  bar ;  now  move  the  telescope 
over  the  otJier  set  of  levelling-screws,  bring  the  bubble  again 
into  the  centre,  and  proceed  precisely  as  above  described, 
changing  to  each  piur  of  screws,  successively,  until  tbe  adjust- 
ment is  very  nearly  perfected,  when  it  may  be  completed  over 
■a  single  pair. 

Tbe  object  of  this  approximate  adjoatment  is  to  bring  the 
upper  parallel  plate  of  tbe  tripod-bead  into  a  position  as  nearly 
horizontal  as  possible,  in  order  that  no  esseotial  error  may 
Arise,  in  case  the  level,  when  reversed,  is  not  brought  precisely 
to  its  former  situation.  When  the  level  has  been  thus  com- 
pletely adjusted,  if  the  instrument  is  properly  made,  and  the 
sockets  well  fitted  to  each  other  and  the  tripod-head,  the  bubble 
will  revei-ae  over  each  pair  of  screws  in  any  poHition. 

Should  the  surveyor  be  unable  to  make  it  perform  correctly, 
he  should  examine  the  outeide  socket  carefully  to  see  that  it 
sets  secorely  in  tbe  miun  socket,  and  also  notice  ttiat  the  damp 
does  not  bear  apon  the  ring  which  it  encircles. 
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Wlien  these  are  correct,  and  the  error  ie  still  manifeated,  it 
will  probably  be  in  the  imperfection  of  the  interior  spindle. 

After  the  adjustments  of  the  level  have  been  effected,  and 
the  babble  lemains  in  the  centre,  in  any  poeitlott  of  the  socket, 
the  surveyor  should  turn  the  telescope  in  the  wyes  until  the  pin 
on  the  clip  of  the  wye  will  enter  the  little  recess  in  the  ring  to 
which  it  is  fitted,  and  by  wtiich  is  insured  the  verticfll  position 
of  the  spirit-level  and  cross-wire. 

When  the  pin  is  in  its  place,  the  vertical  wire  may  be  applied 
to  the  edge  of  a  building  ;  and  in  case  it  should  not  be  parallel 
with  it,  two  of  the  croas-wire  screws  that  are  at  right  angles  to 
each  other  may  be  looeened,  and  by  the  screws  outside,  the 
croBS-wire  ring  turned  until  the  wire  is  vertical ;  the  line  of  col- 
limation  mnst  then  be  corrected  again  and  the  adjustments  of 
the  level  wUl  be  complete. 

402.  To  Uh  the  LenL  Set  the  legs  firmly  into  the  ground. 
The  bubble  should  then  be  brought  over  each  pair  of  lerelling- 
serews  snccessively  and  levelled  in  each  position,  any  correction 
that  may  appear  necessary  being  made  in  the  adjnstmenta. 

Bring  the  wires  precisely  in  focus  and  the  object  distinctly  in 
view,  so  that  all  errors  of  parallax  may  be  avoided. 

This  error  is  seen  when  the  eye  of  an  observer  is  moved  to 
either  side  of  the  centre  of  the  eye-piece  of  a  telescope,  in  which 
the  foci  of  the  object  and  eye-glaeses  are  not  brought  precisely 
upon  the  cross-wires  and  object ;  in  such  a  case  the  wires  will 
appear  to  move  over  the  surface,  and  the  observation  will  be 
liable  to  inaccuracy. 

In  all  instances  the  wires  and  object  should  be  bronght  into 
view  so  perfectly  that  the  cross-wires  will  appear  to  be  fastened 
to  the  surface,  and  will  remain  in  that  position  however  the  eye 
is  moved. 

Care  should  be  exercised  during  an  observation,  lest  the  hand 
touching  the  instrument  inadvertently,  or  a  foot  placed  near 
the  teg  of  the  tripod,  impair  the  adjustment. 

The  weight  of  a  level  having  a  20-inch  telescope,  with  level- 


)v  Google 


„  Google 


„  Google 


FIELD  dSTBUMBNTS.  S47 

ling-head,  exclusive  of  the  tripod,  is  between  thirteen  and  four- 
teen pounds. 

Levelliko-Rods. 

403.  The  various  levelliug-rods  used  b;  American  engineers 
are  made  in  two  or  more  parts,  which  slide  from  each  other  as 
they  are  extended  in  use. 

404.  Hm  Kew  York  Sod.  This  rod,  which  is  shown  in  the 
engraving  as  cnt  in  two,  so  that  the  ends  may  be  exhibited,  ia 
made  of  maple,  in  two  pieces,  bat  sliding  one  from  the  other, 
the  same  end  being  always  held  on  the  ground,  and  the  gradu- 
ations starting  from  that  point. 

The  gradnatiODS  are  made  to  tenths  and  hundredths  of  a  foot, 
the  tenth  figures  being  black,  and  the  feet  marked  with  a  large 
red  figure. 

The  front  surface,  on  which  the  target  moves,  reads  to  6^ 
feet ;  when  a  greater  height  is  required,  the  horizontal  line  of 
the  target  is  fixed  at  that  point,  and  the  upper  half  of  the  rod, 
carrying  the  target,  is  moved  out  of  the  lower,  the  reading 
being  now  obtained  by  a  vernier  on  the  graduated  side,  up  to 
an  elevation  of  12  feet. 

The  target  is  round,  made  of  thick  sheet  brass,  having,  to 
strengthen  it  still  more,  a  raised  rim,  which  also  protects  the 
paint  from  being  defaced. 

The  target  moves  easily  on  the  rod,  being  kept  in  any  poei- 
tion  by  the  friction  of  the  two  flat  plates  of  brass  which  are 
pressed  against  two  alternate  sides,  by  small  spiral  springs, 
working  in  little  thimbles  attached  to  the  band  which  snrronnds 
the  rod. 

There  is  also  a  clamp-screw  on  the  back,  by  which  it  may  be 
securely  fastened  to  any  part  of  the  rod. 

The  face  of  the  tai^et  is  divided  into  quadrants  by  horizontal 
and  vertical  diameters,  which  are  also  the  boundaries  of  the 
alternate  colors  with  which  it  is  painted. 
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The  colors  asnally  preferred  are  white  and  red ;  somethnes 
white  and  black. 

The  openiDg  in  the  face  of  the  target  is  a  little  more  than  a 
tenth  of  a  foot  loi^,  bo  that  in  any  position  a  tenth  or  a  foot 
figure  can  be  seen  on  the  surface  of  the  rod. 

The  right  edge  of  the  opening  is  chamfered,  and  divided  into 
ten  equal  Bpaces,  corresponding  witii  nine-hnndredths  on  the 
rod ;  the  divisions  start  from  the  horizontal  line  which  separates 
the  colors  of  the  face. 

The  vernier,  like  that  on  the  side  of  the  rod,  reads  to  thou- 
sandths of  a  foot. 

The  damp,  which  is  screwed  fast  to  the  lower  end  of  the 
upper  sliding-piece,  has  a  movable  part  which  can  be  brought 
b;  the  clamp-screw  firmly  against  the  front  surface  of  the  lower 
half  of  the  rod,  and  thus  the  two  parts  immovably  fastened  to 
each  other  without  marring  the  divided  face  of  the  rod. 

405.  The  Fhiladelphia  Sod.  This  rod  is  made  of  two 
strips  of  cherry,  each  about  f  inch  thick  by  1^  inches  wide  and 
7  feet  long,  connected  by  two  metal  sleeves,  the  lower  one  of 
which  has  a  clam  ping-acre  w  for  fastening  the  two  parts  together 
when  the  rod  is  raised  for  a  higher  reading  than  7  feet. 

Botii  aides  of  the  back  strip  and  one  side  of  the  front  one 
are  planed  out  -^  inch  below  the  edges ;  these  depressed  sur- 
faces are  painted  white,  divided  into  feet,  tenths  and  hundredths 
of  a  foot,  and  Hie  feet  and  tenths  figured. 

The  front  piece  reads  from  the  bottom  upward  to  7  feet, 
the  foot  figures  being  red  and  an  inch  long,  the  tenth  flgnres 
black  and  eight-tenths  of  an  inch  long.  When  the  rod  is 
extended  to  full  length,  the  front  surface  of  the  rear  half  reads 
from  7  to  13  feet,  and  the  whole  front  of  the  rod  is  figured 
continnoualy  and  becomes  a  self -reading  rod  13  feet  long. 

The  back  surface  of  the  rear  half  is  flgnred  from  7  to  13 
feet,  reading  from  the  top  down ;  it  has  a  vernier  also  by 
which  the  rod  is  read  to  two-hundredthe  of  a  foot  as  it  is 
extended.    The  target  is  round  and  made  of  sheet-brass,  raised 


)v  Google 


FIELD  IN8TEUMENT8.  349 

on  the  perimeter  to  increase  Its  strength,  aud  is  painted  in  white 
and  red  quadrants ;  it  has  also  a  scale  on  its  chamfered  ei^, 
reading  to  two-hundredtfas  of  a  foot. 

When  a  level  of  less  than  7  feet  is  desired,  the  target  is 
moved  np  or  down  the  front  surface,  the  rod  being  closed 
together  and  clamped ;  bat  when  a  greater  height  is  required, 
the  target  is  fixed  at  7  feet  and  the  rear  half  slid  oat,  the  scale 
on  the  back  giving  the  readings  like  those  of  the  tai^et  to  trro- 
hnndredths  of  a  foot. 

This  rod  is  so  graduated  that  the  leveller  is  enabled  to  take 
tlie  reading  direct  from  it,  the  rodman's  duties  being  simply  to 
bold  the  rod  vertical  over  the  points.  It  is  hence  called  a  t^f- 
reading  or  epeaking  rod. 

406.  The  Bod-LeveL  The  figures  below  represent  a  level  re- 
cently devised,  for  the  more  accurate  plombing  of  levelling-rods. 


BOD-LlTIL.  ROD-LlTIL  U  tPPLIID  TO  X  OoD. 

The  left-baud  figure  shows  it  when  folded  for  convenience  in 
carrying.  Its  convenience  and  value  commend  it  to  general 
favor. 

407.  Levelling  is  measuring  in  a  vertical  directiou.  In  his 
treatise  on  levelling,  Frederick  W.  Simms  says  :  "  Levelling  is 
the  art  of  tracing  a  line  at  the  surface  of  the  earth  which  shall 
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cut  tlie  direotiona  of  gravi^  everywhere  at  right  angles.  .  .  . 
The  direction  of  gravity  invariably  tends  towards  the  oentre- 
of  the  earth,  and  may  be  oonsidered  as  represented  by  a  phimb- 
line  when  hanging  freely,  and  snapended  beyond  the  sphere  of 
atbraotion  of  the  surnranding  objects.  .  .  .  The  operation  of 
levelling  may  be  defined  as  the  art  of  finding  how  much  higher 
OT  lower  any  one  point  is  than  another,  or,  more  properly,  the 
difference  of  their  distances  tiom  the  centre  of  the  earth." 

A  surface  like  that  of  still  water  may  be  called  a  level  snr* 
&ce.  The  carve  formed  by  the  intersection  with  aach  a  sur- 
face of  a  vertical  plane  is  a  line  of  true  levd;  a  line  tangent  to> 
the  latter  is  a  line  of  apparent  level. 

Levelling  is  the  art  of  determining  the  differences  of  elevation 
of  two  or  more  points,  or  of  detennining  how  much  one  point 
is  above  or  below  a  line  of  true  level  passing  through  the  oUier 
point. 

40S.  From  the  foregoing  it  is  evident  that,  on  account  of  the 
curvature  of  the  earth,  a  horizontal  line  is  not  really  through- 
out  its  length  a  level  line ;  that  of  two  points  in  the  same  level 
line  each  will  have  its  own  horizon.  Hence,  in  levelling,  the 
eftect  of  the  curvature  of  the  earth  upon  the  comparative  eleva- 
lions  of  different  points  must  be  taken  into  consideration. 
The  effect  of  the  curvature  is  to  make  objects  appear  lower 
than  they  really  are. 

The  air  nearer  the  aurface  of  the  earth  is  denser  than  that . 
farther  removed  from  the  surface.  This  difference  in  density, 
causing  refraction  of  light,  will  affect  the  elevation  of  a  point 
as  observed  through  the  teleacope  of  a  level,  so  that  it  also 
must  be  taken  into  consideration.  Its  effect  is  to  make  objects . 
appear  higher  than  they  really  are.  The  error  caused  by  refrao- 
tiou  is  one-seventh  as  great  as  that  caused  by  curvature. 

Let  us  first  find  an  expreasion  for  the  correction  due  to  the- 
corvature  of  the  earth.    That  is  — 

409.  To  Jlnd  the  deviation  from  its  tangent  of  a  line  of  true- 
level. 
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Let  0  represent  the  ceatre  of  the  e&rtb,  P2f  a  line  of  trae 
level,  and  PN'  its  tangent,  or  a  line  of 
apparent  level.    The  distance  JW  cor- 
responding to  the  length  of  sight  FN  is 
required. 

From  Geometry, 


FN-' 


or,        NN'  s=  — 

20N+NN' 

For  ordinary  distances,  the  length  of 
the  arc  may  be  regarded  aa  that  of  the 
tangent,  and  NN'  as  inconsiderable  in 
comparison  witti  2  OW,  the  diameter  of  ' 
the  earth.    Therefore,  calling  the  length  of  sight  d,  ttie  cor- 
rection c,  and  the  radius  of  the  earth  r,  we  hare 


and  the  correction  for  refraction 


then  the  correction  due  to  carvatnre  and  refraction,  which  we 
wiU  c^  C,  is 


This  correction  most  be  added  to  the  height  of  the  object  as 
foond  by  t^e  level. 

In  practice,  the  necessity  for  using  the  above  formula  is 
avoided  whenever  it  is  possible  to  set  the  level  at  equal  dis- 
tances from  the  points  whose  difference  of  height  is  required. 
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EXEACISES. 


1.  AsBiiming  the  diameter  of  the  earth  7,926  miles,  ahow  that 
for  a  mile  eight  c  =  about  8  inches,  find  the  value  of  C  for  the 
same  distance. 

2.  What  is  the  correction  due  to  carratore  for  half  a  mile? 

3.  What  is  the  length  of  sight  when  C  equals  one-tenth  of  a 
foot? 

4.  Show  that,  practjcall;,  the  oorrectloD  for  curvature  in  feet 
ia  equal  to  two-thirds  the  square  of  the  distance  in  miles. 


ttO.  If  two  points  M,  y,  whose  difference  of  elevation  is 
required)  can  be  observed  upon  from  some  point  P  about  equi* 
distant*  from  them,  not  necessarily  in  their  line,  set  up  the 
level  at  P,  and  note  the  reading  of  a  rod  held  vertically  over 
each  point.  The  difference  of  the  two  readings  will  indicate 
the  difference  of  level  required. 


431.  If  the  above  method  is  impracticable,  set  up  the  iostra- 
ment  at  some  point  P —  either  in  or  out  of  the  line,  no  matter 
which  —  from  which  a  rod  may  be  observed  on  the  first  station 
M,  and  also  on  another  point  0  in  the  direction  of  N,  about  equi- 
distant  with  M  from  tlie  instrument.     Remove  the  level  to  a 


-*  Placing  the  iiutrameut  in  thit  poaition  letieiu  the  effecti  of  ini 
aajQitment  and  render*  tmneceiMrj  the  correction!  indicated  in  Article 
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new  poeidon  P",  whence  obaerve  again  the  rod  on  0,  also  the 
rod  reading  at  N. 

The  difference  between  the  readings  of  the  rod  at  M  and  O 
shows  how  much  higher  the  latter  is  than  tbe  former,  and  in  like 
manner  the  difference  of  the  readings  at  0  and  Ogives  the  diffet- 
ence  in  elevation  of  theee  points,  and  so  on,  no  matter  what  the 
number  of  stations.    Tbe  difference  in  height  of  3f  and  N 

=  Mm,  ~Oo  +Oo'  —  Sn; 
or,  Xm  +  Oo'-Oo  —Nn 

=  afm  +  Oo'-{Oo  +  Jfln). 

Calling  Mm  and  Oo'  back-sights,  and  the  other  two,  fore- 
eigbts,  we  perceive  that  the  difference  of  level  of  two  points  is 
shown  b;  subtracting  the  sum  of  tbe  fore-sights  from  tbe  snm 
of  the  back-sigbta. 

412.  Again,  in  levelling,  we  measare,  by  means  of  tbe  rod, 
how  mach  lower  than  tbe  line  of  sight  (height  of  instrument) 
certain  points  are.  Tbos  we  may  determine  the  relative  eleva- 
tions of  the  points.  Suppose,  for  example,  it  be  required  to 
determine  the  difference  in  elevation  of  any  two  points.  For 
reasons  already  given,  set  the  level  equally  distant  from  the 
points.  If  this  cannot  be  done,  and  both  observations  have  to 
be  taken  from  one  of  the  stations,  especially  if  the  distance 
between  tbem  is  considerable,  correction  as  previously  described 
must  be  made.  But  in  this  case  suppose  it  is  possible ;  and 
suppose  that  when  held  on  one  point,  the  rod  reads  7.255  ;  that 
is,  this  point  may  be  considered  7.255  Iwlow  the  line  of  sight, 
and  4.755  when  held  on  tbe  other;  then  tlie  first  may  be  con- 
sidered 7.255  —  4.755,  or  2.500  farther  than  the  second  below 
the  line  of  sight,  or  lower  than  the  second. 

^3.  Suppose  it  be  required  to  determine  the  difference  in 
elevation  between  two  points,  of  which  one  is  so  much  higher 
than  the  other  that  tbe  rod  is  too  short  to  give  a  reading  on 
both  points  for  one  position  of  the  instrument.     In  such  a  case 
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one  or  more  aaziliary  points,  called  tarning-points  (T.P.), 
must  be  Dsed,  and  their  relative  elevations  determined.  Sup- 
pose the  reading  on  the  first  point  is  0.824,  and  on  a  taming- 
point  iB  10.432 ;  the  latter  ia  then  9.608  below  the  former.  Now 
the  instrument  most  be  moved  and  set  np  so  as  to  obtain  a 
reading  on  the  tarning-point ;  and  (we  will  BUppoee)  on  the 
other  of  the  given  points.  Suppose  that  on  the  former  it  is 
1.302,  and  on  the  latter  8.634 ;  the  latter  is  then  7.332  below  the 
tnroing-point,  or  9.608  +  7.332,  or  16.940,  below  the  first  of  the 
two  given  points. 

The  first  sight  taken  after  setting  np  the  level  is  c&Ued  a 
back-sight,  or  plus  sight ;  those  taken  after  this,  and  before  the 
instrument  is  moved,  are  called  fore-sight«  or  minus  sights.  As 
the  difference  of  the  readings  of  the  rod  on  two  points  gives 
their  difference  of  elevation,  the  difference  of  the  sum  of  the 
plus  sights,  and  the  sum  of  the  minus  sights  on  T.P.'s  and  the 
last  point  will  give  the  difference  in  elevation  of  the  extreme 
points.    In  the  above  example 


0.824 

10.432 

1.802 

8.634 

2.126 

19.066 

1.066  -  2.126  = 

:  16.940,  a8  before. 

This  is  used  as  a  check  on  level-notes. 

In  extended  levelling,  permanent  elevations  fixed  during  the 
prepress  of  the  work  for  fature  reference  are  called  bench 
marks  or  benches  (B.M.). 

tt4.  In  levelling,  it  is  customary  to  refer  all  elevations  to  an 
assumed  level  plane,  called  the  plane  of  reference,  the  datum 
plane,  or  simply  the  datum.  Points  are  then  said  to  be  so 
much  above  or  below  the  datum.  As  this  plane  may  be  assumed 
at  pleasure,  it  is  generally  so  taken  as  to  be  lower  than  any 
poiat  whose  elevation  is  to  be  determined.  In  city  levelling 
this  plane  may  be  assumed  at  the  height  of  mean  low  water. 
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which  elevBtiOQ  may  be  called  zero.  Then  a  point  which  has 
the  elevation  125.37  will  be  125.87  above  low  water. 

If  two  points  have  the  elevations  125.375  and  105.213  respec- 
tively, the  former  is  125.375  -  105.213,  or  20.162  higher  than 
the  latter. 

The  datum  having  onoe  been  determined,  its  elevation,  or 
that  of  a  point  a  known  distance  above  it,  should  be  perma- 
nently fixed  for  future  reference  and  comparison. 

415.  The  levels  for  profile  given  under  Street  Grades,  on 
page  365,  show  bow  the  field  notes  in  levelling  may  be  kept. 
The  elevation  of  the  benoh-mark  from  which  they  start  is  51.415 
above  the  datum.  The  first  plus  sight  is  7.030,  which,  added  to 
51.415,  gives  58.445,  the  height  of  the  instrument  (H.I.)  above 
the  datum.  The  first  minus  sight,  which  is  on  a  turning-point 
(T.P.),  is  0.870,  which,  subtracted  ftom  58.445,  gives  57.575, 
the  height  of  the  T.P.  above  the  datum.  The  instrument  is 
then  moved,  set  up  again  in  a  convenient  place,  and  the  work 
proceeds. 

At  one  setting  of  the  instrument,  the  elevations  of  any  points, 
besides  the  tnming-point,  which  are  not  too  high  or  too  low  to  be 
reached,  may  be  ascertained.  It  is  evident  that  if  any  error 
be  made  at  a  T.P.,  all  the  following  elevations  will  thereby  be 
aSected;  but  if  made  at  one  of  these  other  points,  only  the 
elevation  of  that  point  will  be  affected.  Hence  the  importance 
of  careful  observations  at  T.P's. 

In  the  above-mentioned  form  for  the  keeping  of  the  field 
notes,  all  the  observations  (Obs.)  are  eet  in  one  column.  If 
desired,  plus  sights  and  minus  sights  may  be  set  jn  different 
columns ;  and  of  minus  sights,  those  on  turning-points  may  be 
set  in  &  column  by  themsdves.  It  will  then  be  easy  to  apply 
the  check  before  described.  However,  the  form  given  is  in 
practice  very  convenient. 

EXERCISE. 
Tabulate   in  both  of  tbe   above  forms,   also  in  the  form 
beaded 
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Sta. 

+  8. 

H.L 

-8. 

BLniTIOK. 

Bbkabu. 

the  following  level  notes : 

Height  of  B.M 100.000. 

ObB.  on  B.M 5.132. 

*'      "  Sta.  0 6.28. 

"      "     "     1 7.12. 

"      "     "     2 8.84. 

"      "  T.P.  3 9.780. 

From  new  position  of  iost  obs.  on  Sta.  3,  2.160. 

Obe.  on  Stft.  4 5.89. 

"      "     "     5 7.92. 

"      "     "     6 10.18. 

"      "  T.P.  7 12.020. 

Againon "     7 1.260. 

Obs.  on  Sta.  8 4.23. 

'«      "     "      9 5.87. 

"      "     ''    10 6.94. 

416.  Wind  and  Bunshine  aflect  the  accuracy  of  levelling,  as 
of  work  with  the  truiait.  For  very  good  work  it  is  deeirable  to 
have  a  calm  day  on  which  tiie  sun  is  obscured  by  clouds.  Id 
addition  to  a  proper  manipulatioD  of  the  instrumeot,  the  s^hts 
should  not  be  longer  than  from  200  to  300  feet,  the  rod  should 
be  held  vertical,  and  the  rodman  should  select  for  turning-points 
good  and  firm  points  on  stones,  pegs,  etc.,  on  which  the  rod 
may  be  freely  turned  or  spun  around. 

tt7.  Numerous  bench-marks  should  be  located  in  conveoient 
places.  In  a  city  such  places  are  at  the  intersections  of  streets, 
on  door-sills  of  buildings  which  have  become  thoroughly  settled, 
OD  roots  of  trees,  etc.  There  are  many  other  suitable  places 
which  will  suggest  themselves. 
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418.  In  aty  work,  in  making  a  circuit  of  levels  for  the 
eaUbliebmeQt  of  grade  eleratione  and  bench-marks,  the  work 
should  check  oat  with  no  greater  error  than  0,01  foot  in  three 
miles. 

In  levelling,  as  in  all  other  work,  r^ard  must  be  had  to  tbe 
difference  between  actual  miBtakes,  the  resolts  of  carelessness, 
and  the  degree  of  accuracy  actually  obtainable  by  the  observer. 

We  will  DOW  describe  a  general  method  of  running  a  grade- 
line  with  the  tranrat.  In  ttie  flgore  the  irregular  line  represents 
the  profile  of  the  ground,  and  the  atnight  line  the  grade-line. 


Let  it  be  required  to  nm  a  grade-line  from  A,  elevation  30.29, 
to  B,  elevation  26.79  ;  elevation  of  plug  or  ground  at  A  88.49, 
at  B  27.26 ;  therefore  cat  at  A  3.20  and  fill  at  £  1 .68. 

Set  the  transit  over  A ;  and,  using  the  long  level-tube,  take 
the  elevation  from  s  convenient  bench.  Suppose  the  H.I. 
is  found  to  be  88.21 ;  then  the  length  of  the  rod  for  marking 
the  grade-line  (called  working  height)  is  36.21—80.29=7.92. 
The  rod  will  then  be  taken  to  B  and  held  on  the  plug.  But  as 
the  plug  is  1.53  below  the  grade-line  at  B,  the  target,  when  the 
rod  is  held  for  grade  on  that  plug,  will  be  set  at  7.92  -j- 1.53  = 
9.45.  When  thus  held,  the  observer  will  set  the  horizontal 
cross-hair  on  the  middle  of  the  target  and  clamp  the  telescope. 
The  line  of  sight  will  then  be  a  line  parallel  with  the  grade-liue 
and  7.92  above  it.     Care  must  be  taken  to  use  the  rod  7.92,  and 
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not  9.45,  as  tiie  -working  height.  Measuremeats  may  noir  be 
made  from  the  line  of  sight  to  determiiie  the  cut  to  the  grade- 
line  ftt  any  intermediate  point. 

Suppose  at  C  the  rod  read  5.97 ;  then  the  cut  at  that  point  is 
7.92-5.97=1.96. 

How  would  you  proceed  if  the  instmment  were  set  at  £? 

The  cuta  or  fills  to  grade  at  any  points  may  be  determined  by 
taking  the  elevatioiiB  of  the  groond  at  tbose  points  and  calcn- 
lating  the  grade  elerationH  at  the  same  points.  The  difference 
of  elevation  will  be  the  cnt  or  fill  reqaired. 

B.    OFFIOB  INBTBUUBHT8. 

419.  In  addition  to  the  various  drawing-instruments  previ- 
ously described  t^e  student  should  understand  the  use  of  that 
elegant  inatmment  the  polar  planimeter.  In  ascertumng  the 
areas  of  figm:es  having  irregular  boundaries  it  will  be  fonnd 
extremely  oseM.  He  should  also  become  acquainted  with  the 
different  methods  for  the  rapid  reproduction  of  drawings. 


420.  The  work  of  the  dty  surveyor  may  be  divided  into  two 
classes :  first,  public  work,  or  that  which  be  la  called  upon  to 
perform  for  the  city  government ;  second,  private  work,  or 
that  which  he  performs  for  private  citizens.  The  former  is 
generally  connected  witii  tiie  streets ;  the  latter,  with  the  prop- 
erty between  them. 

Agaia,  all  of  his  work  may  be  classed  aa  field  work  or  <^oe 
work,  the  former  of  which  we  will  now  consider. 

A.    riBLD  WORE. 

4Z1.  FnUic  Work.  There  are  many  and  varied  natural 
features  and  artificial  influences  affecting  the  original  location 
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of  a  town  or  city.  To  the  tfaougbtful  student  many  of  these 
will  readily  suggest  themselTes.  Wliile  in  the  choice  of  a  site 
the  surveyor  may  have  a  voice,  it  is  more  than  probable  that 
his  work  will  commence  upoo  a  site  already  selected.  We  will 
DOW  describe  some  of  his  more  important  duUes  as  performed 
for  the  town  or  city  goTemment. 

422.  Street  Lisei.  The  city  consists  of  streets  for  public 
use,  and  of  the  bloclcs  bounded  by  them,  the  land  in  which  is 
divided  and  sold  to  individuals  for  then-  private  use.  Hence 
we  have  first  to  consider  the  general  plan  or  arrangement  of 
the  streets,  their  widths  (the  distances  between  house  lines), 
and  their  distances  apart.  There  are  many  general  plans  which 
may  be  adopted,  or  may  be  used  as  tiie  foondation  for  new 
ones.  When  general  convenience  and  the  economical  division 
of  property  are  considered,  I  believe  there  is  none  which 
better  meets  the  requirements  than  that  whit^  is  characterized 
by  two  Bystema  of  parallel  streets  crossing  at  right  angles. 
With  t^is  general  arrangement,  and  some  well-located  diagonal 
avenues,  we  have  the  lay-out  of  a  t>eautjful  and  convenient 
city. 

The  general  directions  of  the  streets  should  be  such  that  the 
greatest  number  may  during  the  day  be  visited  by  tlie  sunshine. 
This  will  be  accomplished  if  one  set  of  parallel  streets  runs  in  a 
northeasterly  and  southwesterly  direction. 

Every  important  street  should  be  at  least  60  feet  wide,  while 
some  of  the  main  streets  should  be  at  least  100  feet  wide,  with 
avenues  even  wider.  The  streets  will  then  admit  freely  air  and 
sunshine,  which  latter  is  too  often  in  narrow  streets  cut  off  by 
tall  bnildings ;  while  the  avenues  will  be  in  harmony  with  their 
design  as  elegant  tborooghfares. 

Another  important  consideration  which  affects  the  width  of 
streets  i-*  the  expense  of  paving  and  of  keeping  them  in  order. 

The  distances  of  the  streets  from  each  other  will  vary  very 
much,  according  to  the  purposes  for  which  the  included  prop- 
erty is  to  be  used,  and  bow  it  is  to  be  divided.    They  may  vary 
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from  800  to  600  feet    Tbe  sidewalke  will  be  from  one-fifth 
to  one-fonrtb  of  the  width  of  the  Btt«et8. 

In  small  towns  an  eUbwftto  design  will  not  be  attempted; 
bnt  it  is  always  best  to  have  in  view  the  poedbilittes  of  ftitare 
growth. 

423.  With  the  transit,  the  surveyor  will  ran  and  extend 
street  lines,  and  will  turn  ofF  required  horizontal  angles  on  Qie 
horizontal  gradnated  circle  of  that  instranient.  It  is  cosvenieat 
to  work  apon  the  centre  lines  of  the  streets.  Two  base  lines 
having  been  carefolly  located  at  right  angles  with  each  oUier, 
the  centre  lines  of  the  two  sets  of  streets  will,  with  the  most 
reliable  meaaniing-instroments  at  tbe  disposal  of  tlie  surveyor, 
be  csT^tally  located  parallel  with  them  respectirely.  If  the 
land  is  qnite  level,  a  200-foot  steel  tape  is  nsefol.  If  it 
be  inclined  and  irregolar,  a  100-foot  tape  is  better  suited 
to  the  pmpoee.  In  any  case,  the  hand-level,  plummet,  ther- 
mometer, etc.,  should  be  used.  The  work,  like  all  work  of 
the  surveyor,  should  be  carefully  checked  by  a  test  of  the 
different  angles  and  distances.  All  this  work  should  be  done 
with  tbe  greatest  care.  It  is  desirable,  in  order  to  guard 
against  future  diffloultleB  In  r^ard  to  measurements  by  other 
parties,  to  make  streets  and  blo<^  distances  a  little  full; 
Ibat  is,  greater  thui  they  are  actually  required  to  be  —  say 
about  one-fourth  of  an  inch  in  100  feet.  As  the  work  pro- 
gresses, it  will  be  properly  marked  with  stakes,  as  before 
descnibed.  After  the  satisfactory  location  of  tiie  centre  lines 
of  the  street,  the  house  lines  may  easily  be  located  therefrom. 

^i.  The  work  of  the  Hurveyor  may  be  not  in  laying  out  and 
regulating  a  new  town,  but  in  connection  with  one  already  hud 
out.  Tbe  extensions  of  tbe  old  town  may  be  carried  on  in 
harmony  with  the  plan  already  ezisling,  or  they  may  be  on  a 
plan  altt^ther  different,  and  after  the  manner  already  described 
tor  a  new  town.  He  will  find  that  the  already  built-up  portions 
of  tiie  town  have  lieen  previously  regulated,  or  that  tbey  hare 
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not  been.  If  they  hare  been,  it  is  advisable  in  carrying  on 
tbe  work  therein  to  adhere  aa  closely  as  poaaible  to  established 
lines,  elevations,  standard  of  measurement,  etc. ,  lest  any  altera- 
tions should  lead  to  expensive  and  unneceaaary  legal  complica- 
tions. If  the  town  has  never  been  regulated,  the  first  steps 
will  be  to  regulate  its  streets.  In  doing  this  a  complete  survey 
will  be  required.  Instrument  lines  will  be  carefully  located 
with  the  transit  on  all  streets,  and  tbe  angles  at  their  interseo- 
tiona  determined-  These  lines  will  be  the  basis  for  the  location, 
by  ofFseta,  of  all  buildings,  fences,  ete.  As  the  snrvey  goes  on, 
the  results  will  be  carefully  plotted  to  a  oonvenientiy  large 
scale ;  and  flrom  the  completed  plot,  an  advantageous  location  of 
the  atoeete  may  be  determined  upon.  They  will  then  be  located 
apon  the  ground  to  correspond.  All  important  measurements 
will  be  made,  as  before  described,  with  the  Bt«el  tape,  with  all  the 
corrections  carefully  attended  to.  OtFHeta  to  fences,  etc.,  need 
not  be  made  with  so  mudi  care,  and  the  corrections  will,  as  a 
rule,  be  saperflnons.  During  the  progress  of  the  work  in  an  old 
town,  as  in  a  new  one,  all  important  lines  will  be  carefully  marked 
with  stakes,  and  upon  permanent  objects,  as  houses,  etc. 

ttS-   The  streets  in  any  city  or  town  having  been  satisfac- 
torily located  according  to  the  general  plan,  it  is  necessary,  in 
order  to  preserve  work  already  done,  and  to  prevent  conflict  in 
future  work,  that  the  location  of  the  street  lines  should  be  pre- 
served.   On  account  of  the  perishable  nature  of  wooden  stakes, 
and  the  fact  that  they  may  soon  be  disturbed,  it  is  necessary 
to  use  something  more  permanent.     This  is  generally  found  in 
stones.     Mere  stones,  or  monuments  used  for  permanently  hold- 
ing the  UneB  of  streets,  are  differently  located  and  are  of  differ- 
ent sizes,  depending  upon  their  location.     Sometimes  they  are 
placed  in  tlie  sidewalks  5  feet  from  the  bouse  lines.     Then    - 
they  need  not  be  more  thad  4  or  5  inches  square  and  2  fe^t  -. 
in  length.    The  line  is  determined  by  a  small  hole  drilled  in  tfa^'  -. 
top  of  the  stone.     Sometimes  the  top  of  the  stone  is  placed 
below  tbe  surface  of  the  pavement ;  sometimes  it  is  placed  flush 
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therewith.  Lai^r  Btonea  set  in  the  i,ntersectioiiB  of  the  streets, 
where  their  centre  liaee  cross,  are  very  conveDieDtlj  situated 
for  use,  and  afford  a  very  satisfactoi^  means  of  marking  street 
lines.  On  account  of  their  more  exposed  position,  they  most 
be  lai^r  than  those  previously  described,  and  should  be  set 
with  the  greatest  care,  the  materials  around  them  being  well 
packed  and  rammed.  They  ehonld  be  paved  about  and  well 
protected  trom  danger  from  traffic.  The  stones  should  be 
square  in  crofis-sectioQ  about  3  feet  long,  about  8  inches  square 
on  the  top,  and  about  1  foot  square  on  the  bottom,  the  top  and 
bottom  being  at  right  angles  with  the  axis  of  the  stone.  The 
line  is  determined  as  before  by  a  hole  drilled  in  tbe  top  of  the 
stone.  From  their  situation  we  call  these  stones  centre  stones. 
It  is  well  also  to  mark  substantial  buildings  standing  at  the 
comers  of  streets  with  their  distances  from  the  house  lines  of 
the  streets,  these  distances  having  been  carefblly  determined 
by  meaaureroeute.  In  general,  a  line  having  once  been  deter- 
mined upon  as  satisfactory,  every  available  means  should  be 
employed  to  preserve  its  location,  as  any  change  would  ob- 
viously be  attended  with  inconvenience  and  danger. 

426.  Btreet  Oradei.  In  the  selection  of  a  8it«  for  a  town, 
and  in  the  location  of  the  streets  of  a  town  or  city,  a  topo- 
graphical map  will  be  of  much  service.  This  map  will  show  at 
a  glance  the  shape  of  the  ground  under  consideration.  If  the 
surface  of  the  earth  were  cut  by  horizontal  planes  5,  10,  20,  or 
more  feet  apart,  and  the  curves  in  which  these  planes  intersect 
the  surface  were  projected  upon  a  horlzonal  plane,  the  resulting 
lines  would  be  called  contour  lines  or  contours.  These  curves 
would  represent  points  of  the  same  elevation.  Their  distances 
apart  would  represent  relative  inclination  in  the  ground,  the 
curves  being  nearer  as  the  ground  is  steeper.  The  determina- 
tion of  these  contours  is  an  important  feature  in  topc^raphical 
surveying.  In  addition  to  its  other  uses,  snob  a  map  would  be 
of  service  in  locating  sewers,  also  in  fixing  proper  elevations 
and  grades  for  streets.     The  field  work  necessary  in  the  prep- 
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aration  of  topographical  maps,  which  we  will  briefly  notice,  may 
be  done  aa  followa:  Two  sets  of  parallel  lines  having  been 
located  at  right  angles  with  each  other  by  means  of  the  tranait 
and  tape,  the  level  will  be  set  up,  and  a  nmnber  of  points  at 
any  one  elevation  above  the  datum  found  with  the  level  and 
the  rod,  and  their  locations  with  reference  to  the  two  sets  of 
lines  determined.  Another  set  of  points  as  far  above  or  below 
the  former  as  the  planes  are  apart  will  iu  likA  manner  be  deter- 
mined and  located,  and  so  on  until  the  entire  ground  has  been 
gone  over.  The  above  .method  of  topt^raphical  surveying  in 
determining  contours  is  not  a  very  rapid  one.  The  stadia 
method  is  more  rapid,  and  is  well  adapted  to  large  areas.  In 
addition  to  the  usual  horizontal  cross-hair  in  the  transit,  two 
others  are  introduced,  one  above  and  one  below  the  former. 
The  instrument  has  also  a  vertical  circle.  The  stadia-hairs  are 
so  arranged  that  when  the  level  rod  is  held  at  a  certain  distance 
from  the  transit,  a  certain  number  of  feet  on  the  rod  is  included 
between  them.  The  distance  of  any  point  from  the  instrument 
can  be  determined,  as  it  varies  with  the  number  of  feet  inter- 
cepted on  the  rod.  The  line  of  sight  mast  be  at  right  angles 
to  the  rod ;  if  it'  is  not,  a  calculation  must  be  made  to  deter- 
mine the  distance.  By  this  distance  and  a  horizontal  angle  the 
point  is  located  horizontally.*  The  elevation  of  the  point  above 
the  station  at  which  the  instrument  is  placed  is  obtained  by 
observing  on  the  rod  a  point  as  much  above  the  ground  as  the 
telescope  is,  and  taking  the  vertical  angle.  The  product  of  the 
horizontal  distance  and  the  tangent  of  the  angle  will  give  the 
required  difference  in  elevation.  The  plane  table  also  has  been 
much  used  in  making  topographical  surveys. 

Street  grades  themselves  will  be  determined  upon  in  die 
office,  after  the  necessary  data  has  been  obtained  in  the  field. 

Wf7.  A  very  convenient  method  of  obtaining  the  data  neces- , 
sary  for  the  determination  of  elevations  and  grades  for  the ' 
streets  is  to  obtain  a  continuous  profile  of  the  ground  on  th^  , 

•  Sw  Chapter  n.,  Sudia  Meuoremetitf,  ArtiolN  148-163. 
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centre  line  of  each  street.  The  work  is  done  in  the  following 
mftoner:  The  level  having  been  set  up,  and  the  height  of 
instrument  determined  from  a  convenient  bench-marli,  an 
elevation  will  be  taken  on  a  level  plug  set  at  the  intersection 
of  the  centre  linea  of  two  streets.  ElevatJons  will  then  be 
taken  at  stations,  a&y  50  feet  apart,  abont  on  the  centre  line, 
measuremeilts  with  the  tape  being  commenced  at  the  inter- 
sectioD  before  mentioned,  and  made  carefully  enoogb  to  avoid 
an^  error  that  might  affect  the  work.  In  addition  to  Qie  eleva- 
tjons  at  the  stations,  elevations  should  be  taken  at  aoy  interme- 
diate points  where  the  shape  of  the  ground  abruptly  changes ; 
and  the  points  ebonld  be  located  by  measurement.  These 
intermediate  points  are  called  pluses.  When  the  next  inter- 
section is  reached,  meaBurements  will  be  oonuneoced  anew,  and 
the  levelling  continued  in  the  same  manner.  Elevations  on 
level  plugs  at  ioteroections,  on  turning-points,  and  on  benches, 
which,  if  not  previously  established  should  be  established  as  the 
work  progresses,  should  be  carefully  taken  with  the  target. 
The  elevations  for  the  profile  sboold  be  read  without  the  target 
to  the  nearest  hundredth.  Such  circuits  should  be  made  in 
levelling  for  profiles,  and  the  levelling  on  the  cross-streets 
should  be  so  carried  on  as  to  check  Hie  work  in  every  way. 
The  level  notes,  taken  as  described  for  the  profile  of  the  centre 
line  of  a  street,  are  shown  below.  They  are  from  actual  prac- 
tice.   The  datum  is  mean  low  water  in  the River,  the 

elevation  of  which  is  taken  as  zero.  The  manner  of  plotting 
these  notes,  and  of  determining  grade  lines  is  given  under  the 
head  Office  Work. 

428.  In  order  to  avcNd  errors  in  giving  grade  lines,  Ute 
grade  elevations  at  the  intersections  of  streets  should  be  per- 
',  manently  marked.  This  may  be  done  by  placing  the  centre 
- '  ;.stones  before  described  so  that  their  tops  shall  be  at  the  grade 
■  »lf7ation.  In  order  to  preserve  these  elevatioue  in  case  of  the 
removal  or  disturbance  of  the  stones,  bench-marks  should  be 
established  on  ooavenient  door-sills,  and  in  other  safe  and  con- 
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veuieDt  places.  Besides  serving  as  benches  for  the  stones, 
these  beDch-marks  will  be  ased  in  doing  very  close  fioal  level- 
ling, the  tops  of  the  stones  being  too  uneven  for  that  purpose. 

429.  WftrfcJTig  of  Lines  and  Edades.  The  lines  and  grades 
of  the  streets  having  been  finally  detennined,  and  the  means  of 
preserving  them  having  been  established,  the  marking  of  these 
lines  and  grades  for  aoy  public  work,  as  street  extension  and 
grading,  curb  setting,  sewer  and  water-pipe  laying,  etc.,  can 
be  readily  done.  Street  lines  will  be  run  with  the  trtinsit; 
and,  in  the  manner  previously  described,  grade  lines  will  be  run 
with  the  same  instrument.  The  marking  of  street  lines  and 
grades  for  the  purposes  mentioned,  the  giving  of  lines  and  ele- 
vations for  other  public  work,  and  measurements  of  varionfl 
kinds,  as  of  earthwork,  constitute  the  principal  part  of  the 
field  work  to  be  done  for  the  town  or  city  government  by  the 
city  or  town  surveyor ;  or,  as  the  officer  who  does  this  work 
may  have  more  extended  duties,  the  principal  part  of  the 
surveying  to  be  done  by  the  city  engineer. 

430.  Private  Work.  Continuing  the  description  of  the  field 
work  of  the  town  or  city  surveyor,  we  will  notice  the  second 
general  class  in  which  his  work  is  comprised ;  that  ia,  work  for 
individuals,  or  private  work.  In  general,  —  for  other  duties 
in  this  connection  will  fall  to  his  lot,  such  as  surveying  lai^e 
tracts  according  to  methods  already  described,  ete.,  —  this 
work  will  consist  in  marking  property  lines  and  in  givit^ 
gi'ades  and  elevations.  As  a  rule,  in  a  town  or  city  more 
property  lines  are  marked  for  buildings  than  for  any  other 
purpose.  When  the  surveyor  is  called  upon  to  locate  the 
lines  of  a  lot,  his  first  inquiry  will  be  as  to  the  data  by  which 
to  locate  them.  It  is  of  conrse  understood  that  in  this  con- 
nection the  only  power  of  the  surveyor  is  to  locate  lines  accord- 
ing to  given  data,  not,  as  many  persons  seem  to  think,  to 
establish  of  his  own  volition  new  lines.  So  we  will  inquire 
what  is  proper  data  for  locating  snch  lines.     In  general,  tin 
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part;  desiring  to  have  the  lines  of  a  lot  nuu-ked  irill  produce 
hie  deed  for  the  property.  The  young  surveyor  will  be  indmed 
to  think  that  the  distances  given  in  deeds  are,  as  to  the  loca- 
tion of  lines,  final.  This  is  not  always  the  case.  When  walls, 
alleys,  stones,  and  other  permanent  landmarks  are  called  for, 
and  can  be  found,  they  will  take  precedence  of  distances  In 
locating  lines.  When  walls,  fences,  and  other  holdings  prove 
undisputed  possession  for  a  period  of  years,  though  they  may 
not  be  deeoribed  in  the  deed,  tbey  govern.  In  such  cases  it 
would  be  superfluous  to  mark  lines.  In  towns  and  cities  lots 
are  now  as  a  rule  located  from  the  streets.  Let  us  take,  in 
marking  the  lines  for  a  lot,  an  example  from  actual  practice. 
The  description  taken  from  the  deed  is  definite,  and  is  as 
follows: 

Banning  at  the  easterly  side  of  West  Street,  between 
Eighth  and  Ninth  Streets,  at  the  distance  of  22S  feet  from  the 
southerly  side  of  Ninth  Street;  thence  easterly,  parallel  with 
Nintii  Street,  132  feet  to  a  comer;  thence  southerly,  parallel 
with  West  Street,  28  feet  to  a  comer ;  thence  westerly,  par- 
allel with  the  first-described  line  and  Ninth  Street,  1S2  feet  to 
the  aforesaid  easteriy  side  of  West  Street ;  and  thence  thereby, 
northerly,  28  feet  to  the  place  of  beginning.  The  lot  is 
located  as  shown  in  the  sketch.  The  owner  desired  to  have 
marked  upon  the  ground,  for  use  in  building,  the  two  lines  par- 
allel with  Ninth  Street  and  the  line  of  the  easterly  side  of 
West  Street.  In  order  that  they  may  not  be  removed  in 
making  excavations  for  cellars,  walls,  etc.,  the  nail  plugs  to 
mark  the  lines  are  set  3  or  4  feet  outside  of  the  tot.  In  the 
sketch,  S,  S,  S,  S  represent  the  stone  monuments  set  at  the 
intersections  of  the  centre  lines  of  the  streets  to  mark  lines 
and  grade  elevadons.  Each  street  is  49  feet  wide.  In  mark- 
ing the  lot,  points  p,  p,  will  be  taken  in  the  centre  line  of  Ninth 
Street.  Prom  these  points  (if  there  are  no  obstructions  that 
prevent)  measurements  will  be  made  parallel  with  West  Street. 
Twenty-four  feet  six  inches,  half  the  width  of  Ninth  Street, 
and  223  feet,  the  distance  from  the  southerly  side  of  Ninth 
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Street  to  the  northerly  side  of  the  lot,  will  be  laid  down,  and 
nails  placed  in  nail  plugs  at  a,  a,  to  mark  the  northerly  line 
of  the  lot.  From  these  the  Bontherly  line  will  be  located.  In 
a  aimilar  manner  the  &ont  and  back  lines  will  be  located. 
Lines  strained  from  a  to  a  and  fh>m  b  to  &  will  cross  at  c, 
giving  a  comer  of  the  lot,  the  nail  plugs  being  undisturbed  sa 
the  work  of  building  progresses. 

If,  on  account  of  impassable  obstacles,  as  baildings,  walls, 
etc.,  a  meaauremeat  cannot  be  made  from  Ninth  Street  to  the 
place  for  the  nail  ping  a  back  of  the  lot,  the  marking  of  the  side 
lines  will  be  done  as  follows :  The  southeast  angle  at  the  inter- 
section of  Ninth  and  West  Streets,  89°  51',  if  not  known,  will 
be  taken.  In  addition  to  the  points  taken  in  the  centre  line 
of  West  Street  for  use  in  locating  the  front  and  back  lines  of 
the  lot,  an  additional  point  p!  will  be  taken,  and  at  this  point 
the  angle  89°  fil'  will  be  thrown  in,  and  the  random  line  p'p" 
located  parallel  with  Ninth  Street.  On  this  random  line  points 
for  tlie  location  of  the  side  lines  will  be  taken.  Now,  suppose 
the  point  p'  is  found  by  measurement  to  be  257  feet  and 
6  inches  from  the  centre  of  Ninth  Street  (all  corrections  having 
been  made),  or  233  feet  from  the  southerly  side  thereof.  Then 
tbe  northerly  side  line  will  be  located  by  meaBuring  northerly 
from  the  line  p'p"  10  feet,  and  the  southerly  side  line  by 
measuring  southerly  from  the  line  p'p"  18  feet.  If  the  sur- 
veyor  is  in  possession  of  an  instroment  thoroughly  reliable  for 
use  in  angnlar  measurements,  the  latter  method  of  marking 
side  lines  is  to  be  preferred.  When  qdb  measurement  is  made 
along  a  sidewalk  where  there  are  no  obstructions,  and  the 
other  through  fences  and  over  various  obstructious,  it  is  hardly 
possible  to  obtain  the  d^ree  of  accnracy  that  may  be  obtained 
by  the  angular  method.  Sometimes  it  may  be  necessary  to 
tarn  off  an  uigle  from  the  random  line  in  order  to  locate  the 
back  line  of  a  lot.  The  location  of  lines  is  often  marked  by 
nails  in  fences,  measurements  to  bouses,  walls,  etc.,  instead 
of  by  nails  in  plugs. 

After  the  street  lines  have  been  located  and  marked,  the 
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work  in  eacb  block  eboold  be  done  independently  of  tbe  other 
blocks. 

In  the  intervale  between  routine  work  it  ia  desirable,  {q  connec- 
tion with  gathering  other  data,  to  take  and  record  in  a  snitable 
book,  for  use  as  described  above,  the  angles  at  the  intersections 
of  the  streets,  thus  saving  time  in  marking  the  lines  of  lots. 

The  location  from  the  deed  of  the  lines  of  a  lot  ia  not  always 
so  easy  as  in  the  example  given.  It  is  frequently  the  case 
that  the  distances  given  are  indefinite ;  sometimes  none  are 
given.  In  such  cases,  in  the  absence  of  established  holdings, 
or  other  means  of  determining  the  location  of  property  lines, 
the  matter  must  be  settled  by  an  arrangement  between  adjoin- 
ing owners. 

In  some  cases  a  lot  is  described  in  whole  or  part  without 
distances,  but  as  bounded  by  the  property  of  other  owners. 
In  such  a  case  the  location  of  the  lines  tnay,  if  the  descriptions 
in  the  deeds  of  these  other  proprietors  are  sufficiently  definite, 
be  determined  by  marking  the  lines  of  the  other  lots. 

431.  The  city  or  town  surveyor  will  frequently  be  called 
upon  for  surveys  to  locate  new  lines  with  reference  to  the 
street  lines,  or  for  surveys  of  ti'acts  of  land  in  or  adjoining 
the  city  or  town.  In  such  cases  his  manner  of  working  will 
be  based  upon  the  methods  of  land-Burveying  already  described. 

Private  parties  will  frequently  require,  for  use  in  building 
operations,  the  marking  of  grade  lines.  This  will  be  done  in 
the  manner  previously  described.  In  marking  the  grade  and 
heiglit  of  the  building  line  in  front  of  a  lot,  it  will  very  often 
be  found  convenient  to  mark  the  tops  of  the  front  line  plugs 
as  BO  much  above  or  below  grade  elevation. 

B.    OFFICE  WOBE. 

432.  Like  the  field  work,  the  office  work  of  the  surveyor  may 
be  classified  as  Public  Work  and  Private  Work. 

433.  Public  Work.  All  field  notes  should  be  sufficiently 
elaborate  to  be  understood  by  those  who  may  have  occasion  to 
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refer  to  them.  The;  ehould  be  carefall;  arranged  and  indexed 
like  all  other  office  records  for  convenient  refereoce.  Plots  of 
work  ebould  be  made  wlienever  they  will  aid  in  the  preservation 
and  proper  understanding  of  work  done  in  the  field.  When 
plans  are  sent  from  the  office,  copiea  shonld  always  be  retained. 

434.  It  is  desirable  that,  besides  the  necessary  general  plana 
of  the  town  6r  city,  the  surveyor  sboald  have  in  his  office  two 
sets  of  planSf  of  a  size  convenient  for  handling,  representjng 
the  city  in  sections.  For  these  plans  a  horizontal  scale  of  lOO 
feet  to  the  inch  is  suitable. 

The  first  set  should  represent  street  lines.  On  them  should 
be  placed  all  the  street  lines,  and,  in  figures,  the  widths  of 
streets  and  block  distances,  also  the  location  of  street  monu- 
ments, measurements  made  from  time  to  time  between  centres^ 
angles  at  the  intersections  of  the  centre  lines  of  streets,  and 
any  other  data  of  a  like  nature  giving  information  in  regard  to 
horizontal  measurements,  whether  of  lines  or  angles. 

The  second  set  should  represent  street  grades.  On  them 
shonld  be  placed,  as  on  those  of  the  other  set,  the  street  lines 
and,  in  figures,  the  widths  of  streets,  block  distances,  and 
location  of  street  monuments.  In  addition,  there  should  be 
placed  upon  them  the  profiles  of  the  centre  lines  of  the  streets. 
These  plans  will  be  used  in  determining  grade  lines  for  the 
streets,  which,  after  they  Lave  been  determined,  will  be  placed 
upon  the  plans,  with  the  grade  elevations  (G.E.)  and  surface 
elevations  at  the  intersections  of  the  centre  lines  of  streets, 
grade  elevations  at  curb  corners,  and  any  other  data  giving 
information  in  regard  to  vertical  measurements.  The  street 
lines  having  been  laid  down,  we  will  explain,  in  connection 
with  the  accompanying  sketch  copied  fVom  a  plan  in  actual  use, 
how  the  data  given  on  page  S65  would  be  used  in  placing  upou 
the  plan  the  profile  of  the  centre  line  of  Fifth  Avenue,  and 
tiien  how  the  plan  would  be  used  in  determining  suitable  grades 
for  the  streets. 
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435.  If  tbe  pointB  whose  eleTationa  hare  been  determiDed  by 
the  level  be  coanected  b;  a  line  in  a  vertical  plane,  s'uob  a  line 
is  called  s  profile.  The  block  dialaoce  from  Maryiand  Aveane 
to  Anchorage  Street  is  297  feet  and  9  inches,  from  Ancbor^e 
Street  to  Brown  Street  is  294  feet,  from  Cedar  Street  to  Fiftli 
Avenue  ia  264  feet,  and  from  Fifth  Avenne  to  Sixth  Avenae  ia 
160  feet.  Maryland  Avenue  ia  64  feet  and  6  inches  wide. 
Anchorage  and  Brown  Streets  each  40  feet  wide,  and  Cedar 
Street,  Fifth  Avenue,  and  Sixth  Avenue  each  50  feet  wide. 
Tbe  sidewalks  on  Cedar  Street  and  on  Fifth,  Sixth,  and  Mary- 
land Avenues  are  12  feet  and  9  inches  wide,  and  on  Anchorage 
and  Brown  Streets  are  10  feet  wide.  By  tbe  use  of  the  profile 
of  Fifth  Avenue  we  will  illustrate  how  the  profiles  of  the  centre 
lines  of  the  streets  are  placed  upon  tbe  plan.  The  irregular 
lines  represent  profiles.  The  profile  is  commenced  by  consider- 
ing the  centre  line  of  Fifth  Avenue,  as  drawn  on  the  plan,  to 
have  tbe  elevation  67,180,  wliich  is  the  elevation  in  the  notes 
for  the  enrface  of  the  ground  at  the  intersectioo  of  the  centre 
lines  of  Fifth  and  Maryland  Avenues.  The  stations  and  pluses 
as  given  in  tbe  notes  are  then  laid  down  by  scale  on  the  centre 
line  of  Fifth  Avenne,  in  the  order  in  which  tbey  were  taken  in 
the  field,  beginning  at  tbe  centre  of  Maryland  Avenae.  The 
elevation  at  each  of  tbe  points  thus  located  is  then  plotted,  in  a 
perpendicular  to  the  centre  line  at  that  point,  with  reference 
to  the  centre  line  elevation  67.180.  In  this  case  the  points  ob- 
twned  will  all  fall  below  the  centre  line.  These  points  are 
points  in  the  profile,  and,  being  joined,  will  give  the  profile  as 
shown.  The  profile  of  Fifth  Avenne  having  been  started  at 
the  elevation  of  the  ground  at  the  intersection  of  Fifth  and 
Maryland  Avennes,  is  said  to  be  swung  on  Maryland  Avenne. 
In  the  sketch,  the  profiles  of  Cedar  Street  and  Sixth  Avenue 
also  are  swung  on  Maryland  Avenue.  Those  of  Anchorage  and 
Brown  Streets  are  swung  on  Cedar  Street. 

436.  A  little  thought  will  make  it  evident  to  the  etodent  that, 
as  the  differences  of  elevation  are  small  as  compared  with  tbe^ 
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horizontal  distances,  if  both  were  plotted  to  the  aaxae  scale,  w, 
aewe  eaj!  if  t^  vertical  and  horizontal  scales  were  made  equal, 
the  differences  in  elevation  will  scarcely  be  apparent.  This  is 
remedied  by  conveniently  exaggerating  the  vertical  scale.  For 
example,  if  the  horizontal  scale  be  made  100  feet  to  the  inch, 
the  vertical  scale  might  be  made  10  feet  to  the  inch.  In  the 
sketch  the  two  scales  have  this  ratio. 

B^XERCiSB.  Iiet  the  student  select  scales,  and,  in  the  manner 
described  above,  prepare  a  profile  from  the  field  notes  ^ven  on 
page  S56. 

437-  Having  thus  plotted  tbe  streets  and  profiles  in  a  large 
area,  we  may,  by  use  of  the  plan  thus  made,  determine  suitable 
grades  for  tbe  streets.  This  will  involve  careful  stndy  of  tbe 
shape  of  the  ground,  location  of  watercourses,  probable  loca- 
tion of  sewers,  and  efCect  upon  property.  The  effect  of  a  pro- 
posed grade  for  one  street  upon  those  which  it  crosses  most  be 
particularly  noticed.  To  properly  perform  tliis  work  involves 
that  knowledge  and  judgment  which  can  only  be  acqaired  by 
long  experience.  The  straight  lines  drawn  in  connection  with 
the  profiles  represent  tbe  surface  grades  of  the  finished  streets. 
In  fixing  the  grade  for  Fifth  Avenue,  those  of  the  other  streets 
having  been  taken  into  consideration,  it  was  found  best  to  have 
a  cut  of  2  feet  at  Maryland  Avenue,  no  cut  or  fill  at  Anchorage 
Street,  and  a  cut  of  2  feet  at  Brown  Street.  The  elevations 
of  the  surface  at  the  intersections  of  Fifth  Avenue  with  Mary- 
land Avenue,  Anchorage  Street  and  Brown  Street,  are  respec- 
tively 67.180  on  tbe  ground,  55.828  and  47.969  on  plugs  flush 
with  the  ground.  The  grade  line  having  been  fixed,  tbe  grade 
elevations  (G.E.)  at  the  centres  are  respectively  65.180,  55.828, 
and  45.969,  and  the  descenta  9.35  feet  and  9.86  feet,  as  shown 
in  the  sketch.  The  nature  of  grades  will  depend  much  upon 
local  considerations.  Grades  should  always  be  steep  enough  to 
secure  proper  drainage.  The  inclination  should  not  be  less 
than  1  iu  100.  Considering  the  accumulations  of  dirt  on  many 
of  our  city  streets,  from  1  to_1.5  in  100  is  to  be  preferred. 
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438.  In  streets  in  which  surface  water  is  carried  on  the 
streets,  some  streets  will  carrj  the  water  in  gatterg  across  oth- 
ers. Inthe  sketch  snch  streets  are  iodicated  b;  having  arrows, 
drawn  in  their  directions  across  intersections.  la  this  manner 
Fifth  Avenue  carries  the  water  across  Brown  Street,  and  An- 
chorage Street  carries  it  across  Fifth  Avenue.  The  water  flow* 
ing  on  Fifth  Avenoe,  from  Maryland  Avenue  towards  Anchorage 
Street,  will  tnm  into  Anchorage  Street.  The  opposite  side  of 
Anchorage  Street,  at  the  house  line,  will  be  a  kouckle  as  high  as 
the  centre  of  the  street ;  and  the  water  will  flow  from  that  point 
towards  Brown  Street.  In  fixing  grades  great  care  must  be 
taken  to  so  arrange  them  that  one  street  shall  not  be  overtaxed 
with  water  from  the  others.  An  outlet  for  the  surface  water  ia 
formed  in  the  natural  watercourses. 

If  the  grade  of  Anchorage  Street  were  very  heavy,  so  that  if 
continued  across  it  woald  make  one  side  of  Fifth  Avenue  much 
higher  than  the  other,  it  would  be  desirable  to  break  the  grade 
of  Anchorage  Street  at  the  curb  lines  of  FiElh  Avenue,  giving 
only  sufficient  fall  to  carry  the  water  across  the  Avenue. 

439.  If  the  section  is  sewered,  and  if  the  sewers  are  made 
large  enough  to  carry  the  surface  water,  the  gutters  across  the 
streets  will  be  dispensed  with,  and  inlets  to  the  sewers  placed 
at  the  curb  comers  of  the  blocks. 

440.  It  is  often  convenient  and  useful  to  have  plotted  on 
separate  streets  the  profile  and  grades  of  each  street. 

441.  Besides  making  street  and  grade  plans,  it  will  be  a  part 
of  the  office  work  of  the  surveyor  to  plot,  in  the  usual  manner 
of  plotting  snch  work,  the  surveys  made  in  and  about  the  city 
or  town,  for  both  the  city  and  individuals. 

443.  In  some  cities  a  registry  of  property  is  kept.  The 
plotting  of  lots  in  suitable  record  books,  and  the  keeping  up  of 
the  records,  will  be  a  part  of  the  city  surveyor's  work. 
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443.  Prirate  Work.  Tbie  incladea  the  preparation  of  any 
plana  ordered  for  their  own  use  by  parties  other  than  those  con- 
nected with  the  city  government. 

GOKCLTTSION. 

444.  The  etudeot  mast  bear  in  mind  that  he  can  never,  from 
books,  leam  to  be  an  accomplished  snrreyor.  The  practice  is 
ever  in  advance  of  the  books.  Though  he  should  store  his 
mind  with  book  knowledge  upon  the  subject,  he  will  yet  be 
wanting  in  the  knowledge  and  readiness  r^i;arding  actual  work 
which  can  only  be  acquired  by  a  long  experience.  Many  oper- 
ations which  can  with  difficulty  be  understood  from  pages  of 
explanation,  will,  when  their  actual  performance  is  seen,  be 
comprehended  in  a  short  time.  Again,  there  is  that  which  can 
never  be  learned  from  books ;  that  is,  the  judgment  which  must 
be  constantly  exercised  in  practising  the  delicate  dnties  of  a  city 
surveyor.  Among  other  things,  this  judgment  will  teach  him 
to  be  v&ry  cautious  about  giving  voluntary  advice,  and  careM  in 
giving  even  that  which  is  requested ;  to  perform  bis  duties  con- 
scientiously, and  to  keep  clear  of  all  entangling  alliances.  Let 
him  leara  everything  connected  with  a  complete  performance 
of  hb  work,  from  the  work  of  the  axeman  up ;  that,  when  he 
directs,  he  may  do  it  with  the  same  grace  with  which  he  should 
ever  follow  the  directions  of  his  superiors. 

The  practice  of  city  surveying  is  a  most  excellent  drill.  If 
conscientiously  performed,  it  will  develop  careful  and  thought- 
ful habits.  However,  in  practice  the  student  will  also  have  to 
leam  to  avoid  "  fuasing  "  over  work,  and  to  proportion  to  the 
importance  of  the  work  in  hand  the  time  and  care  spent  upon  a 
particular  work. 


445.   Valuable  information  regarding  the  matters  treated  of 
in  this  chapter  will  be  found  in  the  following  publications : 
The  manuals  and  catalogues  of  instrument-makers. 
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"A  Treatise  on  the  PrincipleB  aod  Practice  of  LeTelliog,"  br 
Frederick  W.  SimoB ;  published  by  D.  Van  Noetrand,  New 
York. 

"A  DeBcriptive  Treatiee  on  Mathematical  Drawiog-Instru- 
ments,"  by  William  F.  Stanley ;  published  by  £.  &  F.  N.  Spon, 
New  York  and  London. 

"  A  Manual  of  Drafting  Instruments  and  Operations,"  by  S. 
Edward  Warren ;  published  by  Jolm  Wiley  &  Son,  New  York. 

"  The  Draughtsman's  Handbook  of  Plan  and  Map  Drawing," 
by  George  S.  Audr^;  published  by  £.  &  F.  N.  Spon,  New 
York  and  London. 

The  student  of  surveying  who  wishes  to  extend  hiB  studies 
into  the  field  of  city  engineering  will  find  information  upon 
that  subject  in  the  numerous  works  upon  ita  special  branches, 
and  in  the  current  technical  periodicals  of  that  class.  Much 
information  regarding  present  American  practice  in  city  engi- 
neering will  be  found  in  the  series  of  papers  on  "Municipal 
Engineering"  now  being  published  in  "Engineering  News." 
When  completed,  these  in  book  form  will  make  a  very  naefol 
volume. 


)v  Google 


CHAPTER  VIII. 
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446.  The  surrey  of  uiidei^roniid  excavatjons  (mines)  to 
xjetermme  their  position  and  extent  may  be  principally  for  the 
purpose  of  projecting  the  points  upon  a  horizontal  plane  as  in 
laud  surveying. 

Bnt  in  strata  of  high  inclination  and  in  caremous  spaces 
various  vertical  projections  will  be  needed  to  complete  the 
graphical  repreeentatiou  of  the  workingH  ;  and  in  fissare  veins 
the  elevation  may  be  more  important  than  the  plan. 

447.  Surveys  to  depict  areas  nndei^round  may  be  made  with 
surveyors'  compass  and  chain,  bat  generally  cow  the  transit  or 
theodolite  is  used  to  take  the  angles,  and  the  steel  tape  to  meas- 
ure the  distances,  and  in  some  mines  the  tape  may  be  with  ad- 
vantage hundreds  of  feet  in  length ;  but  generally  50  feet  for 
the  chain  or  100  feet  for  the  tape  are  most  convenient  lengths. 

448.  The  surveyor  and  each  assistant,  of  course,  requires  a 
lamp,  and  "the  sights"  are  ranged  with  lamp  and  plummet, 
the  sight  from  the  instrument  being  taken  apon  the  flame  of 
the  miner's  lamp  (or  candle,  it  may  be)  suitably  held  at  the 
plummet  line,  which  ia  held  to  depend  from  &  point  fixed  or  to 
be  fixed  in  the  "  roof"  or  over  a  point  in  the  "  bottom."  The 
plummet  string  itself  may  be  seen  within  SOO  feet.  A  chaia- 
pin  (arrow)  can  be  used  to  plumb  the  light  over  or  under  a 
point.  It  is  advised  to  display  the  light  at  a  station  for  sight 
<miy,  and  therefore  in  moving  it,  for  any  reason,  other  than 
vertically,  in  giving  the  point,  it  should  be  hidden  ftom  the 
observer. 
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The  point  may  be  marked  by  a  qmI  in  the  timber  cap  or  aiU, 
or  be  a  nail  in  a  peg ;  the  plane  of  the  point  in  smooth  roof  is 
to  be  made  conspicnoas  by  a  ring  of  white  paint  around  it,  and 
also  as  it  may  be  by  reference  marks  at  the  sides  (pillars)  of 
the  paasage-way. 

It  is  a  refinement  to  use  a  lamp  which  is  also  a  plummet,  and 
farther  to  place  an  extra  lamp  on  the  bottom  under  it;  two 
lights  seen  in  the  vertical  line  making  its  place  more  certain, 
and  helping  to  decide  that  the  sight  is  ready  to  be  taken.* 

It  may  happen  that  the  line  of  reflection  from  standing  water 
can  be  taken  for  the  line  of  incidence  of  a  light  held  under  a 
point,  when  the  roof  droops  t>etween,  Qie  passi^  being  "in 
swamp"  there. 

The  surveyor's  lamp  is  made  entirely  of  brass  or  copper,  so  as 
not  to  affect  the  magnetic  needle  of  the  instrument. 

For  use  in  low  openings  the  tripod  of  the  instrulnent  mnst  t>e 
one  of  abort  1^;b  (an  extra  set  of  shifting  I^b  will  answer  the 
purpose))  or  have  extension  legs. 

It  has  been  suggested  to  use  two  extra  tripods,  one  to  set 
np  in  advance,  for  keeping  the  place  of  fore-sight  and  for  receiv* 
ing  the  instmment  alone,  carried  forward  to  be  mounted  there 
at  the  same  exact  spot  with  facUity,  while  the  tripod,  left 
standing  at  the  last  place  of  the  instrument,  marks  the  point 
for  back-eigbt  with  equal  certainty :  thus  each  of  three  ti'ipods 
taking  its  turn  in  being  at  a  place  for  fore-sight,  remaining 
there  for  moonting  the  instrument  upon  it,  and  still  remaining 
for  back-sight  after  tiie  instrument  is  taken  for  mounting  at 
next  station.  There  are  obvious  objections  to  this  in  the 
weight  of  the  lavage,  and  that  only  some  instruments  are 
made  for  such  ready  separate  handling. 

Some  rays  of  light  must  be  thrown  into  the  telescope  at  Its 
object  end  to  make  visible  the  croea-hairs  therein.  This  is  gen- 
erally doue  by  the  surveyor,  while  taking  a  sight,  holding  his 

*  EcUej  B.  Coxe  deviied  the  plumniet  lunp,  uid  alio  a  form  of  it  with 
wire-gKiue  coTering,  like  the  Ttmrf  Saletj  Lamp,  for  hm  where  flre-dtunp 
may  be  expected. 
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lamp  in  his  left  band  at  the  front,  but  a  little  to  one  side  of  the 
object-glass.  A  reflector  mounted  at  the  object  end  ia  a  help. 
One  is  a  silvered  flat  ring,  standiog  bias,  about  2  inches  forward 
from  a  collar  which  is  slipped  over  the  object  end  of  the  tele- 
scope.  It  reflects  light  iuto  the  iustrument  aa  an  annular  beam. 
Another  one  is  a  diminutive  hemisphere  which  scatters  light 
caught  from  the  lamp  into  the  tube. 

The  change  to,  and  the  equable  temperatore  of,  the  mine 
require  the  trying  and  favor  the  making  of  the  ordinary  adjusts 
ments  of  the  instrument  there. 

449.  Stations  are  generally  made  only  at  the  angle  points  of 
survey  lines,  and  are  therefore  not  r^nlarly  distanced.  They 
may  be  numbered,  lettered,  or  designated  by  the  total  distance 
from  the  zero  of  the  measurements  of  their  line.  Intermediate 
points  are  made  on  tJie  line  where,  opposite  to  lateral  openings, 
other  tines  of  survey  or  important  short  connections  by  measure- 
ment merely  may  start.  The  comers  of  chambers  along  the 
passage  may  be  noted  by  distance  without  making  points ;  the 
size  and  position  of  parts  of  chambers  being  afterwards  taken 
and  noted  by  sketch  with  dimensions  relatively  marked  thereon, 
there  being  mostly  a  parallelism  in  the  rock  measures  which  sim- 
plifies the  position  and  shape  that  chambers  t^e,  so  that  no 
special  survey  of  directions  is  regularly  required  for  t^em. 

460l  Angles  between  vertical  planes  of  sight  (in  azimuth) 
are  noted  for  obtaining  the  courses  as  rednced  courses  from  the 
initial  course  of  survey,  by  the  successive  additions  and  snb- 
tractions  to  it  and  from  it  of  the  angles  as  taken,  and  modified 
according  to  the  series  of  90°  in  each  quadrant  of  the  circle. 

The  initial  course  bad  better  be  referred  to  tme  meridian,  and 
comparison  with  bearings  made  with  aUowance  for  the  variation 
(declination)  of  the  needle.  But  it  has  always  been  recognized 
that  the  conrae,  in  degrees  and  minutes,  of  a  quadrant — and 
therefore  liable  to  mistakes  as  to  the  particular  one  of  four 
quadrants  —  would  be  absolute  if  the  full  circle  be  graduated 
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aroDnd  to  90°,  160°,  270°,  and  360°,  in  the  encceSBive  quadrants. 
While  it  is  not  agreed  whether  north  or  south  shall  be  the  zero, 
the  direction  of  graduation  with  the  moveinent  of  the  hands  on 
the  dial  of  a  watch  or  clock  is  conventionally  fixed.  The  bear- 
ings will  be  &  key  to  which  zero  was  used  in  the  notes. 

4S1.  It  is  but  seldom  that  in  drifts  of  mines  the  alignment  ae 
well  as  the  grade  reqoires  adjustment  to  the  regularity  of  straight 
lines  and  CDrres  similar  to  surface  railroads ;  for  the  tram-cars 
will  run  around  very  sharp  turns,  and  for  them  there  is  there- 
fore no  necessity  of  expensive  improTementa  in  line.  Bnt  when 
a  locomotive  is  to  be  used,  or  wire-rope  hault^e  is  to  be  intro- 
duced, there  is  apt  to  be  a  call  for  regulation  of  the  line,  with 
regard,  eepecially,  to  minimum  radius  of  curvature. 

Unlike  the  longer,  flat  curves  of  a  railroad,  —  designated 
according  to  the  American  system  by  the  even  angular  deflec- 
tions from  each  other  of  chords  of  100  feet,  —  these  sharper 
curves  will  go  by  assumed  even  radii  (in  length  not  less  than 
ten  times  the  gauge  of  track),  and  the  deflection  angles  for  run- 
ning them  in  by  tbe  instrument  upon  short  chords  will  have  to 
be  calculated. 

One-half  the  chord  divided  by  tiie  radius  will  equal  the  sine  of 
the  angle  of  deflection  from  tangent,  which  is  half  the  angle 
that  two  such  equal  chords  will  make  with  each  other,  and  also 
half  the  angle  at  the  centre  of  the  circle  subtended  by  the  chord. 
Prom  any  point  on  the  circular  curve  as  a  position  of  the  instru- 
ment, successive  deflections  of  the  angle  will  fix  the  ends  of 
consecutive  chords  as  measured  in.  Shorter  chords  (like  those 
less  than  100  feet  in  a  railroad  curve)  have  deflection  aisles 
approximately  proportional  to  their  lengths. 

For  ranging  the  line  of  direction  of  a  passi^  that  is  being 
opened  into  tbe  solid,  two  points  for  placing  lights  are  given  at 
the  start,  necessarily  near  t<%ether,  until  tbe  prolongation  of 
open  space  allows  testing  the  line  by  the  instrument  and  giving 
new  points  of  line.  From  the  three  points  of  a  curve  line  that 
mark  the  chords  of  half  the  arc,  obrionsly,  by  simple  measare- 
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ments,  a  like  foarth  point  ma;  be  derived  aa  the  face  (breast) 
of  the  working  is  advanced.  In  driving  a  pasaage-wav  describ- 
ing a  semicircle  —  to  save  weakening  pillar  at  foot  of  shaft  —  a 
iong,  cnired  gas-pipe  was  used  in  ranging  aronnd.  A  large- 
scale  working  plot  showing  offsets  secures  the  proper  location 
of  curving  and  branching  passages. 

Outside,  besides  the  fixing  of  projected  curves  bj  deflection 
angles  as  above,  the  laying  off  of  points  of  arc  intermediate  on 
the  chord  is  b;  foot-rule  measurement  of  ordiuatea  at  right 
angles. 

But  without  strict  regard  to  data,  an  expedient  way  of  uniting 
two  intersecting  straight  lines  of  track  by  a  circular  curve  (as 
an  arc  starting  from  Uie  one  straight  line  at  any  distance  short 
of  the  apex  of  the  lines  and  ending  on  the  other  line  on  equal 
distance  from  the  apex)  ie  to  find  points  by  linear  measure- 
ment merely.  Assuming  any  tangential  distance  back  from 
apex  to  F.C.  (point  of  curve),  the  b^inning,  and  the  same  to 
P.T.  (point  of  tangent) ,  the  end  of  curve,  we  find  a  tMrd  point 
of  the  arc,  its  middle,  as  a,  point  midway  between  the  middle  of 
the  chord  of  the  whole  arc  and  the  apex.  One-fourth  of  this 
versed  sine  will  be  the  versed  sine  (middle  ordinate)  to  be  erected 
on  each  chord  of  half  the  arc  for  points  of  the  arc.  And  any 
other  middle  ordinates  will  be  as  the  squares  of  their  arcs  or 
chords.  ^ 

This  principle  applies  in  rounding  off  intersecting  grades 
into  vertical  curves,  either  convex  or  concave ;  by  veriiical  allow- 
ances and  according  to  horizontal  distances,  starting  with  that 
at  the  apex  and  proceeding  similarly  to  the  foregoing  as  to 
snbdiviaions. 

The  laying  off  of  curves  by  chorda  and  versed  sine  so  derived 
does  not  require  knowledge  of  length  of  radius  or  of  amplitude 
of  angle.  But  when  the  extent  of  circular  arc  between  two 
taugents  is  to  be  determined  by  the  length  of  radius,  the  tan- 
gential distance  from  apex  will  equal  radios  multiplied  by  natural 
tangent  of  halt  the  ang^e  of  intersection;  and  between  P.O. 
and  F.T.  there  will  be  the  same  measures  of  chord  as  there  are 
of  chord  angles  in  angle  of  intersection. 
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462.  In  the  Dote>book  the  left-hand  page  ia  used  for  statioDS, 
distances,  angles,  courees  (reduced),  and  bearings  (magnetic), 
and  the  opposite  right-hand  p^e  for  offset  distances — marked 
relative  to  a  perpendicalar  liae  dividing  the  page,  tt^ether  with 
sketches  and  remarks.  The  notes  should  b^n  at  the  bottom 
of  the  pages  and  proceed  upwards,  to  appear  aa  on  the  plan  to 
which  their  results  are  to  be  transferred,  in  their  proper  relation 
of  position  and  observation  forward. 

The  plan  of  undei^round  work  is  begun  with  the  plotted  net- 
work of  the  lines  of  survey,  then  the  outline  of  parts  excavated 
is  drawn  in  detail,  and  these  are  shaded,  as  the  places  become 
closed  in  and  abandoned,  to  distinguish  what  is  open  work  at 
any  period. 

The  scale  of  maps  sbowing  tiie  workings,  etc.,  of  coal  mines 
ia  now  fixed  by  taw  in  many  of  the  States  at  1 :  1200  as  fbe 
least ;  that  is,  at  not  leea  than  1  inch  for  100  feet ;  the  purpoae 
of  the  maps  being  to  aid  the  official  inspection  and  regulation 
of  the  mines  for  gecuring  the  health  and  safety  of  the  miners. 
The  plan  will  generally  require  to  ahow  the  relation  of  the 
workings  to  surface  openings,  watercouraes,  and  bounding  lines, 
and  to  improvements,  such  aa  buildings,  roads,  and  railroads. 

The  line  of  outcrops  (exposure  at  the  snrface  of  the  ground  of 
the  mineral  beds)  within  ita  range  will  appear  on  the  map,  but 
general  topographical  detail  is  reserved  for  the  extended  small* 
scale  maps  of  the  snrface,  which  will  represent  what  may  be 
learned  of  mineral  indications  also;  from  which  data  in 
advance  of  the  workinga  may  be  derived  and  confirmed 
by  special  explorations,  as  of  proof-holes  and  deep  boring. 
But  upon  the  mine  plan  such  elevations  (heights  of  surface 
above  datum)  aa  seem  moat  easential,  such  aa  principal  ones 
along  the  outerops,  highest  points  of  hills,  and  lowest  of 
etreams  should  be  mapped. 

The  use  of  the  pantograph,  for  reducing  the  irregular  figures 
of  mine  plans  with  all  details  from  one  scale  to  another,  has 
found  much  approval ;  and  the  planimeter  ia  liked  for  labor- 
saving  and  aoouracy  in  determimng  auch  areas. 
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453.  In  veiTis,  the  work  being  deep  and  narrow,  and  pursaed 
from  levels  or  galleries  (horizoDB  of  working)  generally  aboat 
60  feet  apart  in  height,  plana  of  these  levels,  drawn  in  different 
colors  to  distingnUh  them,  are  saperimposed  on  the  map  of 
general  plan.  The}'  show  the  openings,  —  the  gangways,  the 
cross-cots,  etc., — with  the  defining  lines  of  the  walls  of  the  vein, 
and  may  embrace  other  separatioDS  of  the  mineral.  Longi- 
tndinal  elevation  and  vertical  croas-sectioDS  will  show  the 
shafts  and  other  connections  between  the  levels,  together  with 
the  chambers,  whether  open,  filled  in,  or  caved. 

Ore  bodies  occurring  detached  and  of  the  most  varying 
dimensions,  though  often  resembling  each  other  as  lenticular  in 
shape,  make  the  workings  appear  in  plan,  elevation,  and  crosfr- 
section,  aa  the  resalts  of  exploration  in  patches.  Shafts  in  the 
vein  will  be  parallel  to  pitch  of  one  wall,  and  therefore  varying 
from  the  vertical. 

A  stratified  bed  that  is  to  be  operated  upon, — opened,  and 
won  by  mining, — may  be  conceived  as  a  seam  of  uniform  small 
thickness  extending  within  limits  as  a  plane  surface  and  in 
relative  position  defined  by  the  "  strike  "  (the  course  of  all  its 
level  lines,  which  will  all  be  parallel)  and  its  "dip"  (the 
greatest  pitch  at  right  angles  to  the  course  of  the  level-line). 
But  upon  the  large  scale  the  seam  occurs  of  variable  thickness, 
and  with  lines  of  level  changing  in  direction  and  not  parallel  at 
different  elevations,  to  the  degree  that  instead  of  a  plane  it  is  a 
warped  surface. 

The  arrangement  of  permanent  works  upon  the  surface  of  the 
ground  with  reference  to  the  lay  of  the  bed  as  well  as  the  topog- 
raphy and  improvements  existing  or  suited  to  it,  the  favorable 
connection  of  the  lines  of  hanlage  and  drainage  inside,  with  all 
to  govern  outside,  present  to  the  mind  of  the  mathematical 
Surveyor  applications  of  the  theorems  of  Descriptive  Greometry, 
as  included  in  adaptation  to  the  ends  of  practical  economy. 

464.  Location  upon  the  surface  of  the  ground  of  t^e  plan  of 
inside  work,  is  a  repetition  of  courses  and  distances  outside  in  tbe 
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sftine  vertical  planes.  Any  particular  portion  of  the  workings 
in  pr<^reHB  can  thus  be  compared  in  natural  scale  upon  actual 
plau  of  surface  of  the  ground  over  them. 

Overlaid  plans  with  elevations  and  cross-sections  of  workings, 
such  as  were  described  for  workings  in  veins,  are  required  to 
show  the  development  in  high  pitching  beds.  The  "  lifts  "  or 
levels  in  such  of  coal  are  100  yards  apart,  measured  on  line  of 
piteh. 

Overlaid  plans  of  different  parallel  seams  worked  through 
same  shaft  are  also  made,  but  without  gystematic  elevation 
and  cross-section ;  the  connections  (shafts,  slopes,  or  tunnels) 
between  the  beds  being  through  barren  ground,  and  limited 
to  the  exigencies  of  hoisting,  draining,  and  ventilating. 

465-  Following  the  determination  in  azimuth  b;  conrses  and 
distances  of  the  passages  in  the  mine  is  the  determination  oi 
their  changes  in  level  b;  the  spirit  levelling-inatrument  and  the 
level^rod  (as  a  separate  operation,  even  If  the  transit  be  a  com- 
bined instrument  having  a  parallel  spirit  level  attached  to  its 
telescope),  the  work  being  quite  similar  to  such  above  ground. 
But  the  rod  must  be  limited  in  height  to  the  low  spaces  where  it 
is  to  be  used,  and  is  preferably  marked  with  red  figures  for  the 
feet,  and  white  figures  for  the  tenths,  upon  a  black  ground. 
The  top  of  a  simple  white  target  is  safer  to  take,  however,  than 
the  reading  from  the  instminent  of  the  figores  themselves.  For 
accuracy,  sighte,  as  above  ground,  should  be  limited  to  300 
feet  in  distance  from  the  instrument. 

From  the  elevations  of  points  taken  by  levelling,  contour 
lines  can  be  shown  on  plan  as  the  mineral  bed  is  exploited. 

Blue  is  the  conventional  color  (or  these  contour  lines  and  the 
figures  marking  their  elevation  above  the  datum,  on  a  mine 
plan,  and  brown  suits  for  the  contrasted  surface  elevations. 

466.  Levelling  along  passage-ways  for  the  purpose  of  fixing 
better  gradients  of  hauling-roads,  or  for  fall  of  water  by  rectifi- 
cation of  nndulating  bottom  to  improve  drainage,  requires  sta- 
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tions  eepeciallj  chained  in  at  r^ular  distancee  ot  50  feet  or 
less  ;  the  marks  being  temporarj-  ones  on  the  sides  to  serve  for 
taking  the  levels  and  to  be  referred  to  as  to  heights  in  grading, 
when  the  variation  of  level  of  bottom  fh>m  tix  grade  of  a 
station  governs  the  cutting  or  filling  of  bottom  there,  or  change 
'  of  the  whole  croBS-eection  in  height,  as  it  may  be.  For  the 
adoption  of  suitable  gradients  along  an  extended  line,  a  longi- 
tudinal vertical  section  is  drawn,  called  a  profile,  which  exhibits 
the  relation  of  ground-line  levels,  and  allows  the  fixing  of 
grade  with  assurance.  The  profile  may  inclnde  the  line  of  top 
as  well  as  of  bottom,  with  section  of  rock  measures  to  be 
affected  by  "lipping"  of  the  roof  and  '' cutting"  of  bottom. 

457.  A  Drift  or  passage  along  with  the  measures  of  a  bed 
will  make  undulating  grade,  i£  course  be  followed ;  and  if  the 
drainage-rise  be  allowed  to  govern,  the  alignment  will  be  sacri- 
ficed. 

Tunnelling,  however,  being  arbitrary,  acroas  the  measures,  is 
mostly  upon  directed  line  and  grade.  Slopes  are  mostly  upon 
directed  course ;  but  if  within  the  measures  of  an  inclined  bed 
will  mostly  be  variable  in  grade.  So  with  an  adit,  driven  to 
give  drainage  outfall  to  the  surface.  For  it,  shortening  of  the 
distance  will  probably  be  the  governing  condition  principally. 

458.  For  the  workings  at  high  pitch,  the  determination  of 
horizontal  and  vertical  components  of  the  distances  on  the 
sloping  lines  of  top  and  bottom  in  a  bed,  and  "  hanging  wall" 
and  "  foot  wall"  in  a  vein,  will  bring  the  vertical  arc  of  the 
instniment  into  requisition,  for  obtaining  the  vertical  angle, 
which  is  always  taken  as  the  fiiU  angle  above  the  horizontal. 
Vertical  sectjons,  besides  such  longitudinal  ones  following 
broken  line  of  passage  witMn  a  stratum  and  showing  only  adja- 
cent rock  measures,  may  be  made  of  particular  places  where 
there  is  folding,  or  favU,  of  the  measures,  and  for  geolc^cal  or 
more  general  porposes  they  may  exhibit  the  lay  and  thickness 
of  the  various  ro(±s  np  to  the  surface,  which  will  as  a  correct 
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mugiD  show  the  ontcroppings  in  profile.  Vertical  Becttons  may 
be  projectionB  upon  planes  that  traverse  Uie  measures  according 
to  Tariona  conditiona,  and  may  be  constructed  of  related  points 
from  tbe  map  that  were  not  determined  for  their  relevancy  to 
this  pnrpose. 

It  seems  that  vertical  arcs  have  had  versed  sines  correspond- 
ing to  radius  1  marked  arouud  them  for  the  purpose  of  telling 
the  allowance  upon  elope  measurement  to  obtain  corresponding 
horizontal  distances,  the  versed  sine  being  tbe  difference 
between  the  hypothennse  as  the  radius  and  the  horizontal  base 
as  the  cosine  of  the  vertical  right-angled  triangle  formed ;  and 
tbe  slope  lei^th  for  a  given  horizontal  distance  would  be 
greater,  according  to  the  versed  sine  of  the  angle. 

Vertical  arcs  have  had  tangetita  as  rises  corresponding  to  the 
unit  of  horizontal  distance  for  the  different  angles  marked  upon 
them. 

A  method  of  dividing  the  arc  according  to  the  sines,  without 
the  intervention  of  the  equal  graduation  into  decrees  neces- 
sarily, is  the  subject  of  a  contribution  to  "Van  Nostrand's 
En^oeering  Magazine  "  for  July,  1876,  and  is  appended  at  the 
end  of  this  chapter. 

459.  The  measurement  down  deep  borings  or  shafts  is  beet 
made  by  special  flat  steel  wire,  with  suitable  plummet  heavy 
enough  to  insure  its  making  the  wire  line  taut. 

The  transfer  of  points  down  a  shaft,  as  of  two  to  determine 
a  base  line  for  oonnecting  surveys  below  with  those  on  the 
enrface  of  the  ground,  is  made  by  very  heavy  plummets 
attached  to  ordinary  wire  run  oO  of  reels.  A  portable  box 
to  contain  tbe  reels,  their  cranks,  and  tjte  plummets,  is  con- 
venient; the  beat  arrangement  being  that  of  reels  fixed  in  a 
frame  that  stays  in  the  box.  The  suspended  plommete  are  to 
be  received  below  each  in  a  bucket  of  water,  or,  if  hanging  from 
considerable  height,  in  some  thicker  liquid  to  settle  the  wire 
lines  to  a  steady  position  for  ranged  observation  by  tbe  instru- 
ment below.  And  the  observation  wUl  be  easier  upon  wire  that 
is  whitened  there  by  chalk  or  paint  after  being  placed. 
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The  plummets  in  the  shaft  of  the  Washington  Monnment,  for 
Bbowing  cbangea  in  the  verticality  of  the  structure,  &re  steadied 
in  vessels  containing  a  mixture  of  glycerine  and  mol&saea. 

460.  For  taking  courses  on  pitches  at  high  anglee  an  extra 
telescope  on  the  axis  extended  to  the  ontfiide  of  one  of  the 
standards  of  transit  has  been  used.  Another  mining  transit 
has  for  tiie  same  purpose  the  sveep  of  the  telescope  to  the  ver- 
tical position,  made  possible  bj  having  ita  stand&rds  made 
inclined  to  overhang.  But  the  objed-primn  placed  befoi'e  the 
object-glass,  allowing  sighting  at  true  right  angles  in  anj  plane, 
seems  moat  simply  to  MSI  the  requirements  for  sightJng  up  or 
down,  as  well  as  sidewise,  and  is  a  ready  means  applicable  to 
the  telescope  of  any  ordinary  instrument.  A  transit  adapted 
in  any  of  these  ways  for  taking  vertical  sights  enables  the 
points  of  base  line,  as  transferred  by  plummets  to  the  bottom  of 
the  shaft,  to  be  tested  and  compared  with  the  extended  line 
across  the  pit  top,  provided  the  atmosphere  he  clear  in  the  shaft 
and  obstrnctions  do  not  intervene.  The  vertical  adjustment 
of  the  instrument  itself  would  be  test«d  by  this  check,  the  usual 
test  being  on  high  objects,  with  reversal  of  standards  to  oppo- 
site  sides  by  turning  the  horizontal  plates. 

A  heavy,  substantial,  simple  transit,  not  weighted  with 
*' attachments,"  ia  the  most  reliable. 

461.  The  use  of  the  hanging  compoBa  and  of  the  hanging 
dinom^er  of  the  olden  time  is  retained  in  small  and  crooked 
passages  of  some  metalliferous  mines.  And  their  subsidiary 
use  in  excavaljous  inconvenient  of  access  or  footing  of  the 
ordinary  (the  standing  instruments)  has  lately  been  recom- 
mended as  of  wider  application,  and  they  have  been  introdnced 
into  this  conntry.  Each  of  the  instruments  is  to  bang  by  its 
two  hooks,  turned  opposite  ways,  to  the  cord  that  marks  the 
line.  The  compass-box  levels  itself  by  its  gimbals  (double 
trunnions],  like  a  ship's  compass,  in  the  frame  of  which  the 
^t  hooks  with  long  bearings  in  line  are  a  part.     The  clinometer 
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hfiDga  M  a  vertical  arc  with  plummet  to  give  the  inclination  of 
the  cord  from  the  horizon,  while  the  compaae  gives  the  needle 
conrse.  The  cord  ie  stretched  ftT>m  ooe  low  stout  tripod  to 
another,  or  in  a  curving  apace  may  be  faateoed  to  a  gimlet 
screwed  into  side  timber  beyond  int«rsectjQg  point  or  ai^le  of 
two  cords.  The  tripod  serves  aa  a  atool  also  for  the  aesistant 
holding  cord  to  the  point  on  it  flrnily.  The  distances  are  accu- 
rately measured  along  the  cord  by  applying  a  graduated  rod  to 
it.  The  horizontal  and  vertical  components  of  the  measure- 
menta  have  to  be  calculated  for  plotting  on  plan  and  section. 
In  the  old  mining  i-egions  of  Europe  the  surface  surveys  were 
also  carried  on  with  the  same  appliances.  With  care  and 
patience  surprisingly  good  results  in  locating  connections  were 
attained.  The  old  instruments  were  graduated  in  hours  and 
minutes,  and  the  English  deeignations  of  died  and  dialling  for 
the  mine  compass  and  operations  with  it  seem  to  refer  to  the 
same  original  division  of  its  circle.  It  seems  strange  to  learn 
that  the  plotting  was  protracted  by  the  same  compass  (swung 
there  on  horizontal  plate  used  for  straight  edge),  reference 
being  had  to  a  meridian  line  fixed  in  the  office,  and  the  drawing- 
table  being  a  smooth  and  level  stone  slab  resting  on  foundation 
independent  of  the  office  floor. 

462.  Formerly,  when  top<^raphy  was  used  more  for  the  pic- 
turing of  the  plan  of  landscape  in  mapping  the  features  for  the 
information  of  the  tourist  or  tbe  militaiy  commander,  than  for 
the  projection  of  the  contour  accurately  to  fit  the  location  of 
artificial  ways  of  the  different  kinds  to  the  ground,  TtachureB 
were  used  to  indicate  character  of  sloping  elevations,  and 
they  enrvive  in  use  upon  small-scale  maps,  to  indicate  moun- 
tain chains.  They  are  intended  to  be  lines  of  pitdi,  drawn 
close  t<%ether  so  as  to  graduate  changes  naturally,  and  they 
should  be  broken  at  the  intersection  of  the  successive  Jevel 
l^oeB  with  Uie  surface  to  make  terraces  however  narrow,  aud 
snggest  level  stages  In  measure  of  elevation.  Now  we  have  on 
topographical  plans  contour  lines  to  represent  the  lines  of  suc- 
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ceesive  levels,  say  10  feet  apart  in  rise.  They  are  plotted  by 
conuecting  all  points  of  elevation  that  may  be  determined  over 
tine  area  with  regard  to  the  requirements  of  accnracy  in  noting 
the  changes ;  and  they  may  be  considered  the  margins  made  by 
a  body  of  nat«r  that  had  successively  risen  or  receded  10  feet 
in  height  at  a  time  over  the  area.  They  are  to  be  marked  by 
their  elevation  above  the  lowest  datum  plane,  preferably  over 
that  of  mean  tide  of  the  ocean.  They  turn  upon  themselves 
where  they  enclose  a  peak  or  a.  basin  —  according  as  the  next 
t  ones  indicate  tbem  as  higher  or  lower  in  the  series ;  they  are 
farther  apart  in  horizontal  distance  as  slopes  are  flatter,  and 
where  two  or  more  coincide  for  any  distance  there  is  a  precipice. 

These  points  of  even  elevations  of  the  ground  are  determined 
from  the  levels  run  along  the  survey  lines,  and  the  cross-sectioD 
profiles  taken  at  the  stations  of  the  lines — elopes  being  taken  at 
ri^t  angles  to  the  line  with  straight  edgepaHe  and  eUnometer  or 
jUamm^  slope  level  applied  to  it.  Each  of  these  angle  instru- 
ments having  a  vertical  graduated  arc,  the  former  with  arm 
hinged  at  centre  of  arc  and  carrying  a  spirit-level  to  ascertain 
Uie  vertical  angle  included  between  the  levelled  arm  and  the 
slope  of  the  straight  edge  under  it ;  the  latter,  by  the  departnre 
from  the  perpendicular  of  the  plummet,  showing  the  eqnal 
departure  from  the  horizontal  of  the  straight  edge. 

From  the  profile  of  each  slope  sketched  in  the  field-book  and 
marked  with  distances  and  degrees  of  rise  and  fall  across  the 
survey  line,  the  successive  even  10-foot  points  can  be  laid  off  on 
plan,  regard  being  had  in  starting  with  elevatioD  of  statioo  to 
the  partial  changes  required  for  the  first  even  10-foot  point  each 
way.  A  scale  of  horizontal  distances  for  each  degree  of  the 
arc,  to  gain  10  feet  rise,  is  made  by  the  topc^rapher  of  Bristol- 
board  to  lay  off  the  points  derived  by  sloping  at  the  stations, 
and  saves  the  plotting  of  the  profile  of  cross -section. 

The  topc^rapber  prefers  to  draw  the  contours  in  the  field  as 
taken,  using  demi-sheets  of  paper  that  can  be  joined  at  their 
mai^ins,  and  upon  each  of  which  a  portion  of  the  line  corre- 
sponding to  its  number  is  plotted,  the  line  having  dots  along  it, 
spacing  the  successive  stations  intermediate  of  die  angle  iiointa 
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of  line,  and  having  the  elevations  correeponding  in  pencil  along* 
side.  The  sbeeta  are  held  in  a  box  that  is  carried  by  a  shoolder- 
atrap,  and  the  side  of  which  ie  ueed  in  the  field  aa  a  drawing- 
board,  the  particular  sheet  in  ase  at  the  time  being  tacked  on  it. 

463.  The  topc^rapber  will  sketch  in  the  streams,  buildings, 
etc.,  with  reference  to  measurements  however,  and  will  have 
special  lines  with  small  compass,  etc.,  ran  for  him  to  make 
contour  connections.  The  operations  will  rise  to  the  scope  of 
plane-table  work,  if  the  drawing-board  have  a  socket  with« 
clamps,  and  be  mounted  and  levelled  (hy  applying  a  loose  hand- 
level)  upon  a  tripod ;  the  ruler  used  on  it  having  small  compass 
sights  screwed  to  its  ends  for  sighting  to  ohjects  and  fixing 
their  position  on  plot  by  the  graphic  triangulatioD  of  intersected 
sight-lines  from  different  stations  on  the  surrey-line ;  the  sta- 
tion on  plot  when  ov«r  its  place  on  ground  having  a  needle 
stack  upright  in  it,  that  has  a  Bealing-wax  head  for  convenient 
handling,  for  the  purpose  of  resting  the  ruler  against  when  sight- 
ing. Interpolation,  or  resection,  is  the  reverse  sighting  from 
without  the  line  over  the  plot  to  two  or  three  poles  on  stations 
of  the  line  or  other  previously  located  objects,  to  attain  posi- 
tion, it  being  understood  that  the  plane  table  stands  with  plot 
in  proper  relative  position  always.  Secondary  triai^lation  will 
ext£nd  the  area  of  topographic  sketching,  but  this  should  be 
checked  by  connections  beyond  with  surveyed  lines  and  levels. 

The  Locke  level  may  be  used  for  taking  rises  by  finding  all 
the  points  in  sight  that  are  at  a  level  of  the  eye,  and,  in  con- 
nection with  the  levelling-rod,  the  fall  of  ground  may  also  be 
determined  by  this  instrument.  For  gently  undulating  ground 
the  nae  of  it  is  better  than  sloping. 

464.  Contour  lines  ore  drawn  )0  feet  apart  in  elevation  on 
most  plans  of  extended  land  and  other  surveys  that  are  meas- 
ured in  detail,  but  it  is  obvious  that  cases  occur  where  for  large- 
scale  work  they  are  taken  closer  in  elevation  or  farther  for 
small-scale  mapping.  In  the  former  case  of  lai^e-scole  work 
they  may  be  required  exactly  as  elevations  cUrectly  located  by 
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Spirit  level  ling-instrumeDt,  in  the  latter  caae  as  tbe  approxims- 
tioQ  from  altitudes  taken  in  a  few  places  by  the  barometer. 

The  scope  of  their  uBefulnesfl  on  plans  for  projecting  imprOTe- 
mente  it  would  be  difficult  to  describe  exhaustively.  They  may 
be  for  use  in  locating  the  drives  and  walks  and  terraces,  etc., 
of  a  park ;  the  sbaptng  of  grounds,  under-draining,  etc.,  about 
a  residence ;  the  laying  out  of  streets,  etc.,  in  a  hilly  town ;  the 
leading  of  streams  of  wat«r,  lai^  or  small,  for  all  purposes  in 
partial  or  wholly  artificial  chanDels,  for  navigation,  water 
power  and  supply,  irrigation,  etc. ;  the  location  of  roads  and 
railroads  with  regard  to  ease  of  construction  and  of  favorable 
gradients,  as  well  as  the  uses  in  mining  directly,  and  location 
of  all  surface  erections  collateral  thereto  or  elsewhere,  collec- 
tively known  as  "  the  Works." 


ANGULAR  CROSS-SECTIONING. 

Bf  T.  Z.  eCBUUNUBfl,  C.B. 

Wrlttaa  for  "  Via  Noatnnd'i  Eugliwarliig  ICigulne,"  J11I7.  IBTA. 

A  most  direct  and  expeditious  method  to  get  differences  in 
level  between  points  in  sight  is  by  the  use  of  a  vertical  arc  grad- 
uated to  the  Buccessive  sines  1,  2,  3,  .  .  .  100,  in  quadrant,  for 
the  radius  of  arc  100. 

Multiplying  the  distance  measured  in  hundreds  on  the  slope 
by  the  rate  per  hundred  indicated  on  the  arc  gives  the  difference 
in  level  in  units.  In  the  higher  parts  of  the  arc  the  correspond- 
ing cosines  may  be  marked  for  deriving  horizontal  distances. 

The  applicability  of  this  graduation  to  such  purposes,  as 
described  under  this  caption  by  R.  Bell,  C.E.,  in  Slay  number, 
is  obvious,  as  may  also  be  its  use  for  more  extended  profiles, 
for  geolc^ical  cross-sections,  for  road-grading,  or  wherever 
between  points  obtained  by  the  levelling-iustniment  its  accoracy 
is  not  indispensable. 

A  clinometer  thus  graduated  enables  contour  lines  for  topo- 
graphical work  to  be  most  readily  determined.  The  table 
following  gives  the  100  points  in  ttie  quadrant  in  terms  of  the 
common  graduation  of  90°  to  the  quadrant. 


)v  Google 


MINE  8UKVEYING. 


l>lilm«ter   Diuuurer 

AnslB 

Angla 

with  HorUoii. 

™™^.      1      M™]^. 

OD  Slop.. 

OD  Skipi. 

0        1      .... 

0=00' 

51 

30°  40* 

1 

0°3*' 

62 

31°  20' 

l^OO" 

53 

32=00' 

s 

1°43' 

64 

32°  41' 

4 

2°  18' 

56 

'88.5 

33=22' 

5 

'99.6 

2=52' 

60 

34=03' 

e 

7 

S°20' 
4°  01' 

67 
58 

34=45' 
35°  27' 

8 

4=35' 

69 

36°  09' 

9 

6"  10' 

00 

80.6 

36°  52' 

10 

.'90.5 

6°  44' 

61 

37°  35' 

6°  10' 

ea 

38°  19' 

12 

6°  54' 

03 

39°  03' 

13 

7°  28' 

64 

39°  48' 

14 

8°  03' 

05 

'7il'.6 

40°  32' 

15 

08.8 

8°  38' 

66 

41°  18' 

16 

e°12' 

07 

42°  04' 

17 

:::: 

0=47' 

08 

42°  61' 

18 

10°  22' 

00 

43=38' 

IS 

10=67' 

70 

Vl'.4 

44°  20' 

20 

96'.6 

71 

45°  14' 

21 

12=07' 

72 

40°  03' 

22 

12°  43' 

73 

40=63' 

23 

13°  18' 

74 

47°  44' 

24 

13°  53' 

76 

wi 

48°  35' 

26 

ee'.s 

14°  20' 

70 

49°  26' 

26 

16°  04' 

77 

50°  21' 

27 

16°  40' 

78 

61°  16' 

28 

10°  16' 

70 

52°  11' 

20 

16°  61' 

80 

60.6 

63=08' 

30 

Hi 

17°  27' 

81 

54°  06' 

31 

18°  04' 

82 

66°  05' 

32 

18°  40' 

56°  06' 

33 

10°  16' 

84 

67°  08' 

34 

— 

10°  53' 

85 

mj 

58°  13' 

36 

03.7 

20°  20' 

80 

69°  W 

30 

21°  06' 

87 

60°  ay 

87 

21°  43' 

88 

61°  89' 

'.'.'.'. 

22°  20* 

89 

«2°62' 

3D 

22°  67' 

00 

'43.0 

64°  09' 

40 

01.6 

23°  36' 

01 

66°  80' 

41 

24°  12' 

66°  56' 

42 

24=50' 

03 

68°  26' 

43 

26°  28" 

94 

70=03' 

44 

26=06' 

95 

Sli 

71=48' 

46 

'sb'i 

20°  45' 

96 

73°  44' 

46 

27°  23' 

97 

76=66' 

47 

28°  02' 

98 

78°  81' 

4B 

28°  41' 

90 

81°64f 

40 

29°  20' 

100 

ob'o 

90°  00' 

60 

m-k 

30=00' 

„  Google 


I,  Philadelfhu,  Pa. 


„  Google 


THE  JUDICIAL  FUBOnOHS  01  BtlBVEYOES.* 

WBEti  a  man  has  had  a  traioing  in  one  of  the  exact  scieaces, 
where  eveiy  problem  within  ite  purview  is  supposed  to  be  sus- 
ceptible of  accurate  solution,  he  is  likely  to  be  not  a  little  impa- 
tient wheo  he  is  told  that,  UDder  Bome  circumetaDces,  he  must 
recognize  iDoccuracies,  and  govern  his  actions  by  facte  which 
lead  him  away  from  the  results  which  theoretically  he  ought  to 
reach. 

Observation  warranta  ua  in  saying  that  this  remark  may 
frequently  be  made  of  surveyors. 

In  the  State  of  Michigau,  all  our  lands  are  supposed  to  have 
been  surveyed  once  or  more,  and  permanent  monuments  fixed 
to  determine  the  boundaries  of  those  who  should  become  propri- 
etors. The  United  States,  as  original  owner,  caused  them  all 
to  be  surveyed  once  by  sworn  officers,  and  as  the  plan  of  sub- 
division was  simple,  and  was  uniform  over  a  large  extent  of 
ten'itory,  there  should  have  been,  with  due  care,  few  or  no 
mistakes ;  and  long  rows  of  monuments  should  have  been 
perfect  guides  to  the  place  of  any  one  that  chanced  to  be  miss- 
ing. The  truth  unfortunately  is,  that  the  lines  were  very  care- 
lessly niD,  the  monuments  inaccurately  placed  ;  and,  as  the 
recorded  witnesses  to  these  were  many  times  wanting  in  perma- 
nency, it  is  often  the  case  that  when  the  monument  was  not 
correctly  placed,  it  is  impossible  to  determine  by  the  record,  by 
the  aid  of  anything  on  the  ground,  where  it  was  located.  The 
incorrect  record  of  course  becomes  worse  than  useless  when  the 
witnesses  it  refers  to  have  disappeared. 

It  is,  perhaps,  generally  supposed  that  our  town  plats  were 

*  B7  Chief  JnBtice  CoqUj  of  the  Supreme  Conrt  of  Hichigan. 
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iDOi-e  accurately  surveyed,  as  indeed  they  should  hare  been; 
for  in  general  there  can  have  been  no  difficulty  in  making  them 
snfflciently  perfect  for  all  practical  porpoees.  Many  of  them, 
however,  were  laid  out  in  the  woods ;  some  of  them  by  proprie- 
tors themaelyea,  without  either  chain  or  oompasa,  and  some  by 
imperfectly  trained  surveyors,  who,  when  land  was  cheap,  did 
not  appreciate  the  importance  of  having  correct  lines  to  deter- 
mine bonndaries  when  land  should  become  dear. 

The  fact  probably  is,  that  town  surveys  are  quite  aa  inaccnrate 
as  thoee  made  under  authority  of  the  general  government.  It 
is  now  upwards  of  fifty  years  since  a  major  part  of  the  public 
surveys,  in  what  is  now  the  State  of  Michigan,  were  made  under 
antbority  of  the  United  States.  Of  the  lands  south  of  Lansing, 
it  is  now  forty  years  since  the  major  part  were  sold  and  the 
work  of  improvement  began.  A  generation  has  passed  away 
since  they  were  converted  into  cultivated  farms,  and  few,  if  any, 
of  the  original  comer  and  quarter  stakea  now  remain. 

The  comer  and  quarter  stakes  were  oft«n  nothing  but  green 
sticks  driven  into  the  ground.  Stones  might  be  put  arouud  or 
over  these  if  they  were  handy,  but  often  they  were  not,  and  the 
witness  trees  must  have  been  relied  upon  after  the  stake  was 
gone.  Too  ofteu  the  first  settlers  were  careless  in  fixing  their 
lines  witii  accuracy  while  monuments  remained,  and  an  irr^nlar 
bmsh-fence,  or  something  equally  untrustworthy,  may  have  been 
relied  upon  to  keep  in  mind  where  the  blazed  line  onoe  was.  A 
fire  mnning  through  tiiis  might  sweep  it  away,  and  if  nothing 
was  substituted  in  its  place,  the  adjoining  proprietors  might  in 
a  few  years  be  found  disputing  over  their  lines,  and  perhaps 
rushing  into  litigation,  aa  aoon  aa  tliey  had  occasion  to  cultivate 
the  land  along  the  boundary.  If  now  the  disputing  parties  coll 
in  a  surveyor,  it  is  not  likely  that  any  one  summoned  would 
doubt  or  question  that  his  duty  was  to  find,  if  possible,  the  place 
of  the  original  stakes  which  determine  the  boundary  line  between 
the  proprietors. 

However  erroneous  may  have  been  the  <mginal  survey,  the 
monuments  that  were  set  must  nevertheless  govern,  even  Uiongh 
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the  effect  be  to  make  one  balf-qn&rter  section  90  acres,  and  tiie 
one  adjoining  70 ;  for  parties  buy,  or  are  supposed  to  buj,  in 
reference  to  these  monnments,  and  are  entitled  to  what  is  within 
their  lines,  and  no  more,  be  it  more  or  less.  While  the  witness 
trees  remain,  there  can  generally  be  no  difficulty  in  determining 
the  locality  of  the  stakes.  When  tbe  witness  txees  are  gone,  so 
that  there  is  no  longer  record  eyidence  of  the  monuments,  it  is 
remarkable  how  many  there  are  who  mistake  alt<%ether  the  duty 
that  now  dcTolves  upon  the  surveyor.  It  is  by  no  means  uncom- 
mon that  we  find  men,  whose  theoretical  education  is  thought  to 
make  them  experts,  who  think  tiiat  when  the  monnments  are 
gone,  the  only  thing  to  be  done  is  to  place  new  monuments 
where  tbe  old  ones  should  have  been,  and  would  have  been  if 
placed  correctly.  This  is  a  serious  mistake.  The  problem  is 
now  the  same  that  it  was  before :  To  ascertain  by  the  best 
Ughta  of  which  the  case  admits  where  the  original  lines  were. 
The  mistake  above  referred  to  is  supposed  to  have  found  expres- 
sion in  our  legislation ;  though  it  is  possible  that  the  real  intent 
of  the  act  to  which  we  shall  refer  ts  not  what  is  commonly  sup- 
posed. An  act  passed  in  1869  (Compiled  Laws,  593),  amend- 
ing the  laws  respecting  the  duties  and  powers  of  connty  survey- 
ors, after  providing  for  the  case  of  comers  which  can  be  identi- 
fied by  the  original  field  notes  or  other  unquestionable  testimony, 
directs  aa  follows : 

**  Second.  Extinct  interior  section  comers  must  be  re-estab- 
lished at  tbe  intersection  of  two  right  lines  joining  the  nearest 
known  points  on  the  original  section  lines  east  and  west  and 
north  and  south  of  it. 

"  Third.  Any  extiacl  quarter- section  comer,  except  on  frac- 
tional lines,  must  be  re-established  equidistant  and  in  a  right 
line  between  the  section  corners ;  in  all  other  cases,  at  its  pro- 
portionate distance  between  the  nearest  original  comers  on  the 
same  line." 

The  corners  thns  determined,  the  surveyors  are  required  to 
perpetuate  by  noting  bearing  trees  when  timber  is  near.     To 
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eetimftte  properly  this  legialation,  we  mnst  start  with  the  ad- 
mitted and  aaquestiouable  fact  that  each  purchaser  from  gor- 
eroment  bought  such  land  as  was  within  the  original  boundaries, 
and  nnquestionably  owned  it  np  to  the  time  when  the  monuments 
became  extinct. 

If  the  monument  waa  set  for  an  interior  section  comer,  bat 
did  not  happen  to  be  "at  the  intersection  of  two  right  lines 
joining  the  nearest  known  points  on  the  original  section  lines 
east  and  west  and  north  and  south  of  it,"  it  nevertheless  deter- 
mined the  extent  of  his  possessions,  and  be  gained  or  lost 
according  as  the  mistake  did  or  did  not  favor  him. 

It  will  probably  be  admitted  that  no  man  loses  title  to  his 
land  or  any  part  thereof  merely  because  the  evidences  become 
lost  or  uncertain.  It  may  become  more  difficult  for  him  to  es- 
tablish it  as  against  an  adverse  clumant,  but  theoretically  the 
right  remans ;  and  it  remains  as  a  potential  fact  so  long  as  be 
can  present  better  evidence  than  any  other  person.  And  it 
may  often  happen  that  notwitiistanding  the  loss  of  all  trace  of 
a  section  comer  or  quarter  stake,  there  will  still  be  evidence 
from  which  any  surveyor  will  be  able  to  determine  with  almost 
absolute  certainty  where  the  original  boundary  was  between  the 
government  subdivisions. 

There  are  two  senses  in  which  the  word  ' '  eilinct "  may  be  used 
in  this  connection :  one,  the  sense  of  physical  disappearance ; 
the  other,  the  sense  of  loss  of  all  reliable  evidence.  If  the 
Btatute  speaks  of  extinct 'corners  in  the  former  sense,  it  is  plain 
tiutt  a  serious  mistake  was  made  in  supposing  that  surveyors 
oonld  be  clothed  with  authority  to  establish  new  comers  by  an 
arbitrary  rule  in  such  cases.  As  well  might  the  statute  declare 
that  if  a  man  loses  his  deed,  he  shall  lose  Ms  land  altc^ther. 
But  if  by  extinct  comer  is  meant  one  in  respect  to  the  actual 
location  of  which  all  reliable  evidence  is  l<»t,  then  the  following 
remarks  are  pertinent : 

1 .  There  would  undoubtedly  be  a  presumption  in  snch  a  case 
that  the  comer  was  correctly  fixed  by  the  government  surveyor 
where  the  field  notes  indicated  it  to  be. 
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2.  But  this  is  only  a  presnmptioD,  and  may  be  oveicome  by  . 
any  SBtisfaotory  eridenoe  showing  that  ia  fact  it  was  pUoed 
elsewhere. 

3.  No  statute  oan  confer  upon  a  county  surveyor  the  power 
to  "  establish"  comers,  and  thereby  bind  the  parties  concerned. 
Nor  is  this  a  question  merely  of  conflict  between  State  and 
Federal  law ;  it  is  a  question  of  property  right.  The  original 
surreys  must  govern,  and  the  laws  under  which  they  were  made 
must  govern,  because  tbe  land  was  bought  in  reference  to  them ; 
and  any  legislation,  whether  State  or  Federal,  that  should  have 
the  effect  to  change  these,  would  be  inoperative,  because  dis- 
turbing vested  rights. 

4.  In  any  case  of  disputed  lines,  nnless  the  parties  concerned 
settle  the  controversy  by  agreement,  the  determination  of  it  is 
necessarily  a  judicial  act,  and  it  must  proceed  upon  evidence, 
and  give  full  opportunity  for  a  hearing.  No  arbitrary  mles  of 
survey  or  of  evidence  can  be  laid  down  whereby  it  can  be  ad- 
judged. The  general  dnty  of  a  surveyor  in  such  a  case  is  plain 
enough.  He  is  noC  to  assume  that  a  monument  is  lost,  until 
after  he  has  thoroughly  sifted  the  evidence,  and  found  himself 
nnable  to  trace  it.  Even  then  he  should  hesitate  long  before 
doing  anything  to  the  disturbance  of  settled  possessions.  Occu> 
pBtion,  especially  if  long  continned,  often  affords  very  satis- 
factory evidence  of  the  original  boundary,  when  no  other  is 
attainable ;  and  the  surveyor  should  inquire  when  it  originated, 
how  and  why  the  lines  were  then  located  as  they  were,  and 
whether  a  claim  of  title  has  always  accompanied  the  possession, 
and  give  all  the  facts  due  force  as  evidence.  Unfortunately,  it  is 
known  tliat  surveyors  sometimes,  in  supposed  obedience  to  the 
Stftte  statute,  disregard  all  evidences  of  occupation  and  claim 
of  title,  and  plunge  whole  neighborhoods  into  quarrels  and  liti- 
gation by  assuming  to  "  establish"  corners  at  points  with  which 
the  previous  occupation  cannot  harmonize.  It  is  often  the  case 
that  where  one  or  more  comers  are  found  to  be  extinct,  all  par- 
ties concerned  have  acquiesced  in  lines  whicb  were  traced  by 
the  guidance  of  some  other  comer  or  landmark,  which  may  or 
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may  not  have  been  tniBtwottby ;  bat  to  bring  these  lines  into 
discredit,  when  the  people  concerned  do  not  qnestion  them,  not 
only  breeds  tronble  in  the  neighborhood,  bnt  it  must  often  snb- 
ject  the  BOTTeyor  himself  to  annoyance,  and  perhaps  discredit, 
since  in  a  I^al  controversy  the  law,  as  well  as  common  sense, 
maBt  declare  that  a  supposed  boundary  line  long  acqniesced  in 
is  better  evidence  of  where  the  real  line  shontd  be  than  any 
survey  made  after  the  original  monnmenta  have  disappeared. 
Stewart  v.  Carleton,  31  Mich.  Reports,  270 ;  Diehl  v.  Zanger, 
89  Mich.  Reports,  601.  And  county  surveyors,  no  more  than 
any  others,  can  conclude  parties  by  their  surveys. 

The  mischiefs  of  overlooking  the  facta  of  possession  must 
often  appear  in  cities  and  villages.  In  towns  the  block  and  lot 
stakes  soon  disappear ;  there  are  no  witness  trees  and  do  monu- 
ments to  govern,  except  such  as  have  been  put  in  their  places, 
or  where  their  places  were  supposed  to  be.  The  streets  are 
likely  to  be  soon  marked  off  by  fences,  and  the  lots  in  a  block 
will  be  measured  off  from  tiiese  without  looking  farther. 

Now  it  may  perhaps  be  known  in  a  particular  case  that  a 
cert^  monument  still  remaining  was  tlie  starting-point  in  the 
original  Borvey  of  the  town  plat ;  or  a  surveyor  settling  in  the 
town  may  take  some  central  point  as  the  point  of  departure  in 
his  surveys,  and  assuming  the  or^nal  plat  to  be  accurate,  he  will 
then  nndertake  to  And  all  streets  and  all  lota  by  course  and  dis- 
tance according  to  the  plat,  measnring  and  estimating  from  his 
point  of  departure.  This  procedure  might  unsettle  every  line 
and  every  monnment  existing  by  acquiescence  in  the  town ;  it 
would  be  very  likely  to  change  the  lines  of  streets,  and  raise 
controversies  everywhere.  Yet  this  is  what  is  sometinies 
done ;  the  surveyor  himself  being  the  first  person  to  raise  the 
disturbing  questions. 

Suppose,  for  example,  a  particular  villf^  street  has  been 
located  by  acquiescence  and  used  for  many  years,  and  the  pro- 
prietors in  a  certain  block  have  laid  off  their  lots  in  reference 
to  this  practical  location.  Two  lot-owners  quarrel,  and  one  of 
them  calls  in  a  surveyor  that  he  may  be  sure  that  his  neighbor 
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shall  not  get  an  inch  of  land  from  him.  This  anrveyor  under- 
takes to  make  his  surrey  accurate,  whether  the  original  was  or 
not,  and  the  first  result  is,  be  notifies  the  lot-owners  that  there 
is  error  in  the  street  line,  and  that  all  fences  should  be  moved, 
saj,  one  foot  to  the  east.  Perbape  he  goes  on  to  drive  stakes 
through  the  block  according  to  this  conclusion.  Of  course  if 
be  is  right  in  doing  this,  all  lines  in  the  village  will  be  unsettled ; 
but  we  will  limit  our  attention  to  the  atugle  block.  It  is  not 
likelj  that  the  lot-owners  will  generally  allow  the  new  snrvey  U> 
unsettle  their  poaseseions,  but  there  is  always  a  probability  of 
finding  some  one  disposed  to  do  so.  We  shall  then  have  a.  law- 
suit ;  and  with  what  result?  It  is  a  oommOD  eiror  that  lines 
do  not  become  fixed  by  acquiescence  in  a  less  time  than  twenty 
years.  In  fact,  by  statute  road  hues  may  become  conclusively 
fixed  in  ten  years  ;  and  there  is  no  particular  time  that  shall  be 
required  to  conclude  private  owners,  where  it  appears  that  they 
have  accepted  a  particular  line  as  their  boundary,  and  all  con- 
cerned have  cultivated  and  claimed  up  to  it.  McNamara  ti. 
Seston,  82  HI.  Reports,  498 ;  Bunce  v.  Bidwell.  43  Mich.  Re- 
ports, o42.  Public  policy  requires  that  such  lines  be  not  lightly 
disturbed  or  disturbed  at  all  after  the  lapse  of  any  considerable 
time.  The  litigant,  therefore,  who  in  such  a  case  pins  his 
faith  on  the  surveyor,  is  likely  to  suffer  for  hia  reliance,  and 
the  surveyor  himself  to  be  mortified  by  a  result  tbat  seems  to 
impeach  his  Judgment. 

Of  course  nothing  in  what  has  been  said  can  require  a  sur- 
veyor to  conceal  bis  own  judgment  or  to  report  the  facts  one 
way  when  be  believes  them  to  be  another.  He  has  no  right  to 
mislead,  and  he  may  rightfully  express  his  opinion  that  an  origi- 
nal monument  was  at  one  place,  when  at  the  same  time  he  is 
satisfied  that  acquiescence  has  fixed  tbe  rights  of  parties  as  if 
it  were  at  another.  But  he  would  do  mischief  if  he  were  to 
attempt  to  *'  establish  "  monumenta  which  hs  knew  would  tend 
to  disturb  aettied  rights ;  the  farthest  he  has  a  right  to  go  as 
an  officer  of  the  law  is  to  express  his  opinion  where  the  monu- 
ment should  be  at  the  same  time  that  he  imparts  tiie  information 


)v  Google 


404  PLANE  8DRVEYING. 

to  tliose  who  employ  him,  and  who  might  otherwise  be  misled, 
th&t  the  same  authoritj  that  makes  bim  an  officer,  and  entrusta 
him  to  make  sim'eys,  also  allows  parties  to  settle  their  own 
boimdar;  lines,  and  considers  acquiescence  in  a  particular  line 
or  monument  for  any  considerable  period  as  strong,  if  not_  con- 
clusive, evidence  of  such  settlement.  The  peace  of  the  com- 
munity absolutely  requires  this  rule.  Poyce.v.  Williams,  26 
Mich.  Reports,  332.  It  is  not  long  since  that  in  one  of  the 
leading  cities  of  the  State  an  attempt  was  made  to  move  houses 
two  or  three  rods  into  a  street,  on  the  ground  that  a  survey, 
under  which  the  street  had  been  located  for  many  years,  bad 
been  found  on  a  more  recent  survey  to  be  erroneous. 

From  tiie  foregoing  it  will  appear  that  the  duty  of  the  sur- 
veyor, where  boundaries  are  in  dispute,  must  be  varied  by  the 
circumstances.  (1)  He  is  to  search  for  original  moauments,  or 
for  the  places  where  they  were  originally  located,  and  allow 
these  to  control  if  he  finds  them,  unless  he  has  reason  to  believe 
that  agreements  of  the  parties -express  or  implied  have  rendered 
thtim  unimportant.  By  monuments  in  the  case  of  govemmeDt 
surveys  we  mean,  of  course,  the  comer  and  quarter  stakes; 
blazed  lines  or  marked  trees  on  the  lines  are  not  monuments ; 
they  are  merely  guides  or  finger-posts,  if  we  may  use  the  ex- 
pression, to  inform  us  with  more  or  less  accuracy  where  the 
monuments  may  be  found.  (2)  If  the  original  monuments  are 
DO  longer  discoverable,  the  question  of  location  becomes  one  of 
evidence  merely.  It  is  merely  idle  for  any  State  statute  to 
direct  a  surveyor  to  locate  or  "estabUsh"  a  comer,  as  the 
place  of  the  original  monument,  according  to  some  inflexible 
rule.  The  surveyor,  on  the  other  hand,  must  inquire  into  all 
the  facts,  giving  due  prominence  to  the  acts  of  parties  con- 
cerned, and  always  keeping  in  mind,  first,  that  neither  his  opin- 
ion nor  his  survey  can  be  conclusive  upon  parties  concerned ; 
and,  second,  that  courts  and  juries  may  be  required  to  follow 
after  the  surveyor  over  the  same  ground,  and  that  it  is  exceed- 
ingly desirable  that  he  govern  hie  action  by  the  same  lights  and 
same  rules  that  will  govern  theirs.    On  town  plats  if  a  surplus  or 
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deficiency  appears  in  a  block  when  the  aotnal  boundaries  are 
compared  with  the  original  fignree,  and  there  is  no  evidence  to 
fix  the  exact  location  of  the  etakea  which  marked  the  division 
into  lots,  the  rule  of  common  sense  and  the  law  is  that  the  but- 
plus  or  deficiency  is  to  be  apportioned  between  the  lots  oa  an 
asBumptioD  that  the  error  extended  alike  to  all  parte  of  the 
block.  O'Brien  v.  McGrane,  29  Wis.  Reports,  446 ;  Quinnin  v. 
Beixers,  46  Mich.  Reports,  605. 

It  is  always  posaible  when  corners  are  extinct  that  the  sur- 
Teyor  may  usefully  act  as  a  mediator  between  parties,  and  assist 
in  preventing  l^al  contooverBiee  by  settling  donbtful  lines. 
Unless  he  is  made  for  this  purpose  an  arbitrator  by  legal  anb- 
miasion,  the  parties,  of  course,  even  if  they  consent  to  follow 
luB  judgment,  canuot,  on  the  basis  of  mere  consent,  be  com- 
pelled to  do  so ;  but  if  he  brings  alx)ut  an  a^eement,  and  they 
carry  it  into  efCect  by  actually  couforming  their  occupation  to 
his  lines,  the  action  will  oonclude  them.  Of  course  it  is  desir- 
able that  all  snch  agreements  be  reduced  to  writing ;  but  this  is 
not  absolutely  indispensable  if  they  are  carried  into  effect  with- 
out. 

JKeander  Linw.  The  subject  to  which  allusion  will  now  be 
made  is  taken  up  with  some  reluctance,  because  it  is  believed 
the  general  rules  are  familiar.  Ne.vertheleBS,  il  is  often  found 
tliat  surveyors  misapprehend  them,  or  err  in  their  application ; 
and  as  other  interesting  topics  are  somewhat  connected  with 
this,  a  little  time  devot«H)  to  it  will  probably  not  be  alt<^ether 
lost.  The  subject  is  that  of  meander  lines.  These  are  lines 
traced  along  the  shores  of  lakes,  ponds,  and  considerable  rivers 
an  the  measures  of  quantity  when  sections  are  made  fractional 
by  such  waters.  These  have  determined  the  price  to  be  paid 
fThcD  government  lands  were  bought,  and  pertuips  the  impres- 
sioD  still  Ulcers  in  some  minds  tbat  meander  lines  are  boundary 
lines,  and  all  in  front  of  them  remains  unsold.  Of  course  this 
is  erroneous.  There  was  never  any  doubt  that,  except  on  the 
large  navigable  rivers,  the  boundary  of  the  owners  of  tiie  banks 
is  the  middle  line  of  the  river ;  and  while  some  courts  have  held 
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that  this  was  the  rale  on  all  f  resh-water  streams,  large  and  small, 
others  have  held  to  the  doctrine  that  the  title  to  the  bed  of  the 
stream  below  low-water  mark  is  in  the  State  while  conceding  to 
the  owners  of  the  bank  all  riparian  righte.  The  practical  differ- 
ence is  not  very  important.  In  this  State  the  rale  that  the  centre 
line  is  the  boandarj  line  is  applied  to  all  our  great  rivers,  inclnd- 
ing  the  Detroit,  varied  Bomewhkt  by  the  circnniBtaQCe  of  there 
being  a  distinct  channel  for  navigation  in  some  cases  with  the 
stream  in  the  main  shallow,  and  ateo  sometimes  by  the  existence 
of  islands. 

The  troublesome  questions  for  surveyors  present  themselves 
when  the  boundary  line  between  two  contiguous  estates  is  to  he 
continaed  from  the  meander  line  to  the  centre  line  of  the  river. 
Of  course  the  original  survey  supposes  that  each  purchaser  of 
land  on  the  stream  has  a  water-front  of  the  length  shown  by  the 
field  notes ;  and  it  is  presnmable  that  be  bought  this  particular 
land  because  of  that  fact.  In  many  cases  it  now  happens  that 
the  meander  line  is  left  some  distanoe  from  the  shore  by  the 
gradual  change  of  course  of  the  stream  or  diminHtion  of  the  flow 
of  water.  Now  the  dividing  line  between  two  government  sub- 
divisions might  strike  the  meander  line  at  right  angles,  or  ob- 
liquely ;  and  in  some  cases,  if  it  were  continued  in  the  same 
direction  to  the  centre  line  of  the  river,  might  cut  off  from  the 
water  one  of  the  subdivisions  entirely,  or  at  least  cut  it  ofl!  from 
any  privilege  of  uavigation  or  other  valuable  use  of  the  water, 
while  the  otber  might  have  a  water-front  much  greater  than  the 
length  of  a  line  crossing  it  at  right  angles  to  its  side  lines.  The 
effect  might  be  that,  of  two  government  subdivisions  of  equal 
size  and  cost,  one  would  be  of  very  great  value  as  water-front 
property,  and  the  other  comparatively  valueless.  A  rule  which 
would  produce  this  result  would  not  be  just,  and  it  has  not  been 
recognized  in  the  law. 

Nevertheless,  it  is  not  easy  to  determine  what  ought  te  be  the 
correct  rule  for  every  case.  If  the  river  has  a  straight  course, 
or  one  neariy  so,  every  man's  equities  will  be  preserved  by  this 
rule.     Extend  the  line  of  division  between  the  two  parcels  from 
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the  meander  line  to  the  centre  line  of  ttie  river,  as  nearly  aa  poa- 
aible  at  ri^t  angles  to  the  general  course  of  the  river  at  that 
point.  Tbia  nill  preaerre  to  each  man  the  water-front  which 
the  field  ootea  indicated,  except  aa  changes  in  the  water  may 
have  affected  it,  and  the  only  incouTenience  will  be  that  the 
division  line  between  different  subdivieions  is  likely  to  be  more 
or  less  deflected  where  it  atrikea  the  meander  line. 

This  is  the  I^al  rule,  and  it  is  not  limited  to  government  sur- 
veys, but  api^ea  as  well  to  water-lots  which  appear  as  such  on 
town  plats.  Bay  City  Gaa  Ught  Co.  v.  The  Indnstrial  Works, 
28  Mich.  B«ports,  182.  It  often  happens,  therefore,  that  the 
lines  of  city  lots  bounded  on  navigable  streams  are  deflected  as 
they  strike  the  bank,  or  the  line  where  the  bank  was  when  the 
town  was  first  laid  out.  When  the  stream  is  very  crooked,  and 
especially  if  there  are  short  bends,  so  that  the  foregoing  rule  is 
incapable  of  strict  application,  it  is  sometimes  very  difficult  to 
determine  what  shall  be  done  ;  and  in  many  cases  the  surveyor 
may  be  under  the  necessity  of  working  out  a  rule  for  himself. 
Of  conrae  his  action  cannot  be  conclusive ;  but  if  he  adopts  one 
that  follows,  as  nearly  as  the  circamstaDceB  will  admit,  the  gen- 
eral rule  above  indicated,  so  as  to  divide  as  near  as  may  be  tiie 
bed  of  the  stream  among  the  adjoining  owners  in  proportion  to 
their  lines  upon  the  sliore,  his  divbion,  being  that  of  an  expert, 
made  npon  the  ground  and  with  all  available  lights,  is  likely  to 
be  adopted  aa  law  for  the  caae.  Judicial  decisions,  into  which 
the  surveyor  would  flod  it  prudent  to  look  under  such  circum- 
stances, will  throw  light  upon  his  duties,  and  may  constitute  a 
snfflcient  guide  when  peculiar  cases  arise.  Each  riparian  lot- 
owner  ought  to  have  a  line  on  the  legal  boundary,  namely,  the 
centre  line  of  the  stream,  proportioned  to  the  length  of  his  line 
on  the  shore ;  and  tiie  problem  in  each  case  is,  how  this  ia  to  l>e 
given  him.  Alluvion,  when  a  river  imperceptibly  changes  its 
course,  will  be  apportioned  by  the  same  rules. 

The  existence  of  islands  in  a  stream,  when  the  middle  line 
constitutes  a  bonndsry,  will  not  affect  the  apportionment  unless 
the  islands  were  surveyed  out  as  government  aubdivisions  in  the 
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original  adtneasuremeiit.  Wherever  that  was  the  case  the  par- 
cfaaser  of  the  iBtand  diridea  the  bed  of  the  stream  on  each  side 
with  the  owaer  of  the  bank,  and  his  rights  also  extend  above 
and  below  the  solid  ground,  and  are  limited  b;  the  peculiarities 
of  the  bed  and  the  chaanel.  If  an  island  was  not  snrrej'od  as  a 
goTornment  sabdiyisiou  previous  to  th«  sale  of  the  bank,  it  is  of 
course  impossible  to  do  this  for  the  purpoeea  of  government  sale 
afterwards,  for  the  reason  that  the  rights  of  the  bank  owners  are 
fixed  by  their  purchase  :  when  making  that  they  have  a  right  to 
understand  that  all  land  between  the  meander  lines,  not  sepa- 
rately surveyed  and  sold,  will  pass  with  the  shore  in  the  govern- 
ment sale  ;  and  having  this  right,  anjrthing  which  their  purchase 
would  iuclnde  under  it  cannot  afterwards  be  taken  from  them. 
It  is  believed,  however,  that  the  Federal  courts  would  not  recog- 
nize the  applicability  of  this  rule  to  large  navigable  rivers,  such 
as  those  uniting  the  Great  Lakes. 

On  all  the  little  lakes  of  the  State,  which  are  mere  expansions 
near  their  mouths  of  the  rivers  passing  through  them,  —  such  as 
the  Muskegou,  Fere  Marqnette,  and  Manistee, — the  same  rule  of 
bed  ownership  has  been  judicially  applied  that  is  applied  to  the 
rivers  themselves ;  and  the  division  lines  are  extended  under 
the  water  in  the  same  way.  Bice  v.  Ruddiman,  10  Mich.  125. 
If  such  a  lake  were  circular,  the  lines  would  converge  to  the 
centre ;  if  oblong  or  irregular,  there  might  be  a  line  in  the  middle 
on  which  they  would  terminate,  whose  course  would  bear  some 
relation  to  that  of  the  shore.  But  it  can  seldom  be  important 
to  follow  the  division  line  very  far  under  the  water,  siuce  all 
private  rights  are  subject  to  the  public  rights  of  navigation  and 
other  use,  and  any  private  use  of  the  lands  inconsistent  with 
these  would  be  a  nuisance,  and  punishable  as  such.  It  is  some- 
times important,  however,  to  run  the  tines  out  for  some  consid- 
erable distance,  in  order  to  determine  where  one  may  lawfully 
moor  vessels  or  rafts  for  the  winter,  or  cut  ice.  The  ice  crop 
that  forms  over  a  man's  land  of  course  belongs  to  him.  Lorman 
V.  Benson,  8  Mich.  18 ;  People's  Ice  Co.  v.  Steamer  Excelsior, 
recently  decided. 
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What  IB  said  above  will  show  how  onfoaiided  U  th«  ootion, 
irbich  is  aometimea  advanced,  that  a  ripariao  propiietor  on  a 
meandered  river  ma;  lawfully  raise  the  water  in  the  stream 
without  liability  to  the  proprietors  above,  provided  he  does  not 
raise  it  so  that  it  overflows  the  meander  line.  The  real  fact  is, 
that  the  meander  line  has  nothing  to  do  with  such  a  case,  uid 
an  action  will  lie  whenever  he  sets  back  the  water  uptm  the 
proprietor  above,  whether  the  overflow  be  below  the  meander 
lines  or  above  them.  As  regards  the  lakes  and  ponds  of  the 
State,  one  may  easily  raise  questions  that  it  would  be  impossible 
for  him  to  settle.  Let  us  suggest  a  few  quesljons,  some  of 
which  are  easily  answered,  and  some  not :  (1)  To  whom  belongs 
the  land  under  these  bodies  of  water,  where  they  are  not  mere 
expansions  of  a  stream  flowing  through  them?  (2)  What 
public  rights  exist  in  them?  (3)  If  there  are  islands  in  them 
which  were  not  surveyed  ont  and  sold  by  the  United  States,  can 
this  be  done  now?  Others  will  be  suggested  by  the  answers 
given  to  these. 

It  seems  obvious  that  the  roles  of  private  ownersbip  whidi 
are  applied  to  rivers  cannot  be  applied  to  the  Great  Lakes. 
Perhaps  it  shonld  be  held  that  the  boundary  is  at  low-water 
mark,  bat  improvements  beyond  this  would  only  become  unlaw- 
ful when  they  became  nuisances.  Islands  in  the  Great  Lakes 
would  belong  to  the  United  States  ontil  sold,  and  might  be 
surveyed  and  measured  at  any  time.  The  right  to  take  fish  in 
the  lakes  or  to  cut  ice  is  public,  like  the  right  of  navigation, 
but  is  to  be  exercised  in  such  manner  as  not  to  interfere  with 
the  rigbts  of  shore-owners ;  but,  so  f ar  aa  these  public  rights 
can  he  the  subject  of  ownership,  they  belong  to  the  State,  not 
Ihe  United  States ;  and  so,  it  is  believed,  does  the  bed  of  a  lake 
also.  Pollard  v.  Hagan,  3  Howard's  U.  S.  Reports.  But 
such  rights  are  not  generally  considered  proper  subjects  of 
sale,  but,  like  the  right  to  make  use  of  the  public  highways, 
they  are  held  by  the  State  in  trust  for  all  the  people.  What  is 
said  of  the  lai^e  lakes  may,  perhaps,  be  said  also  of  many  of  the 
interior  lakes  of  the  State ;  such,  for  example,  aa  Houghton, 
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Hi^uB,  CbeboygaD,  Burfs,  Mallet,  WhitmoK,  and  m&ny 
others.  Bat  there  are  many  little  lakes  or  ponds  which  are 
gradnall;  disappearing,  and  the  shore  proprietorship  advanoes 
pari  passu  as  the  waters  recede.  If  these  are  of  any  consider- 
able size,  —  say,  even  a  mile  across,  —  there  may  he  qnesCioDS 
of  conflicting  rights  which  no  adjadication  hitherto  made  conld 
settle.  Let  any  Burreyor,  fbr  example,  take  the  case  of  a  pond 
of  irr^nlar  form,  occupying  a  mile  eqoare  or  more  of  territory, 
and  midertake  to  determine  the  rights  of  tlie  shore  proprietors 
to  its  bed  when  it  shall  totally  disappear,  and  he  will  find  he  is 
in  the  midst  of  problems  such  as  probaUy  he  has  never  grappled 
with,  or  reflected  upon,  before.  Bnt  the  general  rules  for  the 
extension  of  shore  lines  which  have  already  been  laid  down 
should  govern  such  cases,  or  at  least  should  serve  as  goides  in 
their  settlement. 

Where  a  pond  is  so  small  as  to  be  included  within  the  lines 
of  a  private  purchase  from  the  government,  it  is  not  believed 
the  public  have  any  rights  in  it  whatever.  Where  it  is  not  so 
included,  it  is  believed  they  have  rights  of  fishery,  rights  to 
take  ice  and  water,  and  rights  of  navigation  for  business  or 
pleasure.  This  is  the  common  belief,  and  probably  the  just 
one.  Shore  rights  mast  not  be  so  exercised  as  to  disturb  these, 
and  the  States  may  pass  all  proper  laws  for  their  protection. 
It  would  be  easy  with  suitable  legislation  to  preserve  these  littie 
bodies  of  water  as  permanent  places  of  resort  for  the  pleasure 
and  recreation  of  the  people,  and  there  ought  to  be  such  l^ala- 
tioD.  If  tiie  State  should  be  recognized  as  owner  of  the  beds 
of  these  small  lakes  and  ponds,  it  would  not  be  owner  for  the 
purpose  of  selling.  It  would  be  owner  only  as  a  tmatee  for  the 
public  use;  and  a  sale  would  be  inconsistent  with  the  r%ht  of 
the  bank  owners  to  make  use  of  the  water  in  its  natural  condi- 
tion in  connection  with  their  estates.  Some  of  them  might  be 
made  salable  lands  by  druning ;  but  the  State  coald  not  drain, 
even  for  this  purpose,  against  the  will  of  the  shoie-ownerb,  un- 
less their  rights  were  appropriated  and  paid  tor.  Upon  many 
questions  that  might  arise  between  the  State  as  owner  of  the 
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bed  of  &  little  lake  and  tbe  ebore^waers,  it  wonld  be  presamp- 
tooas  to  ezpresa  an  opinion  now,  sod  fortuDately  the  occasion 
does  not  require  it. 

I  have  thus  indicated  a  few  of  the  questione  with  which  but- 
veyorB  may  now  and  then  have  occasion  to  deal,  and  to  which 
they  should  bring  good  sense  and  sound  judgment.  Surveyors 
are  not,  and  cannot  be,  judicial  t^cers,  but  in  a  great  many 
cases  they  act  in  a  quasi  Judicial  capacity,  with  the  acqnies- 
cence  of  partiea  concerned ;  and  it  is  important  for  them  to 
know  by  what  rules  they  are  to  be  guided  in  the  diechai^e  of 
their  judicial  functions.  What  I  have  said  cannot  contribute 
much  to  their  enlightemnent,  but  I  trust  will  not  be  wholly 
without  value. 
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TABLE  IV. 

For  DBTEBHnnNO  with  Gbeateb  Acccract  thak  cah  be  dohb  by 

XEAKS  OF   Table  III. : 

1.   log  Bin,  tog  km,  and  log  cot,  when  the  angle  is  between  0"  and  2" ; 

2.   log  cos,  log  tan,  imd  log  cot,  when  the  angle  U  between  88°  and  9<f ; 

S.   The  value  of  the  angle  when  the  logarithm  of  the  Amction  does  not 

FOEMULAS  FOR  THE  DSB  OF  THE  NUMBEE8  S  AND  T. 

log  Btn  o  =  log  a"  +  S.                                   log  a"  =  log  sin  o  -  5, 

logUn<i  =  Iog<>"+r.                                          =logtMi<i-r. 

logcota=cologtano.                                         =  cologcoto- T. 

n.  When  the  angle  a  ia  between  88°  and  90" : 

log  cos  a  =  log  (90"-..)"  +  a                      log  (WP-ay  =  log  coa  a-8. 

log  cot  a  =  log  iW-ay  +  T.                                              =  log  cot  a-  T, 

log  ton  a  =  COlogCOto.                                                           =cologtaiia— 7*, 

and  a  =  80°-(W-a). 

'Values  of  S 

AND   T. 
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4.68SS6 

8.06740 

200 

4.68558 

6.98660 

5  424 

4.68568 
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4. 68  SSS 
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4.68559 

7.92263 
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4.68569 

8. +4  072 
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4.68S55 

8.2679S 

2432 

+.68S60 

8.07156 

5  9*1 

4.68570 

8.45955 
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4.68554 

8.30776 

2976 

4.68561 

8.15924 

6184 

4.68571 

8.47697 

4840 

4.68553 

8.37038 

3434 

4.66562 

8.22142 

6417 

4.68572 

8.49305 

5414 

4.68552 

8.41904 

3838 

4.68563 

8.26973 

6642 

4.68573 

8.50802 

S932 

4.68S51 

8.45872 
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4.68564 

8.30930 

6859 
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8.52200 

6406 
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8.49223 
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4.6856S 

8.34  270 

7070 

4.68575 

8.53516 

6633 
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8.50721 
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8.54145 

6851 

4.68549 

8.52125 

4S53 

'4.68566 

8.37167 

7274 

8. 54  753 

7  267 

8.54684 

5146 

8.39713 

£' 

8 

%*bi. 

a" 

T 

Ivtaa 

a 

I 

iH*m* 
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TABUS   IV. 

This  table  (pa^  50)  mast  be  iiBed  when  grest  accnracy  is  desired  in 
workiog  with  angles  between  0°  aod  2°,  or  between  88'  and  90°. 

The  valnea  of  8  and  T  are  such  that  when  the  angle  a  is  expressed 
in  seconds, 

8  =  log  itn  a  —  log  a", 

T  s  log  tan  a  —  log  a". 

Hence,  follow  the  formulas  given  on  the  page  contuning  the  taUe. 

The  values  of  B  and  T  are  printed  with  the  characteristic  10  too 

lai^e,  and  in  using  them  —10  must  always  be  annexed. 


Find  1<«  sin  0°  58'  17". 
0' 58' 17"  =  8497." 
log  S497  =  S.54370 

8  =  4.08666-10 


log  (in  0°  eSf  17"  =  8.32026  - 10 

Find  \og  tan  0°  52'  47.5". 
C  62*  47.6"  =  ai87.5." 
log  3187.6  =  3.60072 

T  =  4.66661 -10 


Fiod  log  cos  88°  26'  41.2". 
80=  -  88'  20'  41  J"  =  1"  83'  18.8' 


log  6698.8  =  8.74600 


i'47.6"=:  8.18688-10 


log  CO*  880  26'  41^"  =  8.48361  -10 

Find  \o%  tan  89°  54'  37.362". 
90°  _  80"  64'  87.862"  =  822.688". 
log  823.638  =  2.60871 

T=6ite66B-10 
log  cot  88"  64' 87.862"=  7.19429-10 
lc«  ten  SS"  64' 87.862"  =:  2.80671. 


Find  the  angle,  if  log  sin  =  6.72806  — 
6.72306  - 10 
8  =  4^6667-10 
Snbtrsct, 

Find  the  angle  for  which  log  cotBl.67604. 
colog  cot  =8.82806 -10 
T  =  4.e86fl4-10 


Find  the  angle'  fbr  which  log  tan  i>  1.55407. 
colog  tan  =8.44608 -10 


T  =  4.68669- 10 


S.7S024 

6767.6" 
ud      90° -r  86' 67.8" 


=  log  6TG7.8. 
=  1=86'57.8", 
=  68°  24'  2.4"=  uigl«  reqiUred. 
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TABLE  V. 

Ill  Nabtical  MiLBi  AXD  Statutb  M11.M  ow  Dkobbm 

s  Latitddb  kVD  LoHOiTuna  in  Differeht  Latitddbs.                            1 

DlOBD 

OP  -na  FA»ui«i.. 

Deoui  of  th«  Mibiduh. 

LkUnida 

or 

PvaltcL 

N.nll«l 

UUc*. 

Liiltnaa 

otWMk 

Pel-.. 

NnoUcl 

euiuu 

Ull«. 

20° 

56.404 

6.S.01S 

20° 

59.664 

68.777 

21° 

56.039 

64.598 

22" 

55^57 

64.158 

23° 

55.258 

63.698 

24° 

54.8+3 

63.219 

25° 

54.411 

62.721 

25° 

59.706 

68^5 

26° 

53.962 

62.204 

27° 

53.497 

61.668 

28° 

53.016 

61.U3 

29° 

52.518 

60.540 

30° 

52.005 

59.948 

30° 

59.749 

68.875 

31° 

51.476 

59338 

32° 

S0.931 

58.709 

33° 

SOJ70 

58.063 

34° 

49.794 

57.399 

35° 

49,203 

56.718 

35° 

59.796 

68.929 

36° 

48.597 

56.019 

3r 

47.976 

55.304 

38° 

47J41 

54.571 

39° 

46.960 

53.822 

40° 

46.026 

53.056 

40° 

59.847 

68.987 

41° 

45J48 

52.274 

42° 

44.654 

51.476 

43°   ■ 

43.949 

50.662 

44° 

43.230 

49.833 

4S° 

42.497 

48.968 

45° 

S9.899 

69XM8 

46° 

41.752 

48.128 

47° 

40.993 

47.254 

48° 

40222 

46J6S 

49° 

39.439 

45.462 

50° 

38.643 

44.545 

S0° 

59.951 

69.108 

-,.  GOOQ 


TABLE  VL 


r  usTSSB,  CHAma. 


.  .  =  3.14159265  0.4971499 

.  .  =  0.3lSKm9  .       9.5028501-10 

.  .  =  9.86960440  0.9942997 

.  .  =  0.10132118  9JXIS7006  - 10 


Vi  .  .  =  1.77245385 
J =  0.56418958 

Vi  .   .=  1.46459189 


0.2485749 
9.7514251  - 1 

0.1657166 


Circumference  of  circle,  diameter  being  unity,  \ 

Area  of  circle,  rAdiua  being  unity [=   r   =  3.14159265 

Surface  of  iphere,  diameter  being  unity  .  .  .  .) 

Area  of  a  drcle,  diameter  being  unity    ..*....=   ?   =0.7853962 

Volume  of  iphere,  diameter  being  unity =   ^   =  0.52359678 

Tolnme  of  sphere,  radius  being  unity =   ~=  4.1SS7902 

Arc  whoM  length  ii  equal  to  the  radiua : 

BspreMed  in  degrees    =  i^       =  57.2957795" 

Eiprewed  in  minutei ^IWOO   =3437.746771 

Eipreiied  in  seconds =  ^^^^  =  206264.806 

If  radini  is  unity : 

Length  of  aic  for  one  degree =  -^      =  0.0174533 

length  of  arc  for  one  minute =  — ^—  =  0.0002909 

"  10800 

Length  of  arc  for  one  second =      *!^  =  0.00000485 

Sine  of  one  second =  O.0O00O485 

Base  of  Hyperbolic  or  Napier's  System  of  Logarithms .  =  2.7182818 
Modulus  of  Common  or  Briggi'  System  of  Logarithms .  =  0.4342945 

Equatorial  radius  of  the  earth  in  feet =  20923600 

Polar  radius  of  the  earth  in  feet =  20853657 

Length  of  degree  of  latitude  at  the  equator,  in  feet   .  .  =  362748.33 
Length  of  degree  of  latitude  at  46°,  in  feet ^  364571.77 


0.4971499 

9.8950899-10 

9.7189986-10 


1.7581226 

3,5362739 

S.31442S1 

a2418774  - 

10 

6.4637261  - 

10 

*A8S57487  - 

10 

1.68S57487  - 

10 

0.4342945 

9AJ77843- 

10 

.r... 

«.,„«. 

0^... 

M^ai. 

F.„. 

, 

0.0151 

2 

0.6096 

0.0303 

6.5617 

3 

0.9144 

0,0455 

9.8426 

1.2192 

S 

1.5240 

0.07.S8 

16.4044 

6 

1.8288 

0.0909 

19.6852 

7 

2.1336 

O1061 

22.9661 

8 

26.2470 

9 

2.7432 

0.1364 

9 

29,5278 

10 

3.04S0 

01  SIS 

10 

32,8087 
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TABLB  VII.— TBAVBB8B  TABLE. 

This  table  girea  tiie  latitade  and  departure  to  three  places  of  decU 
mals  for  distooceB  from  1  to  10,  correaponding  to  bearings  from 
0"  to  90°,  at  intervals  of  15'. 

If  the  bearing  does  not  exceed  45°,  it  is  foand  in  the  left-hand 
column,  and  the  designations  of  the  columns  under  "Distance"  are 
taken  from  the  top  of  the  page ;  but  if  the  bearing  exceeds  45°,  it  is 
found  in  the  right-hand  column,  aud  the  designations  of  the  oolmims 
under  "Pistance"  are  taken  from  the  bottom  of  the  page. 

The  method  of  using  the  table  will  be  made  plain  by  the  following 
examples : 

1.  Let  it  be  required  to  find  the  latitude  and  departnre  of  a  line 
running  N.  35°  15'  E.  6  chains. 

On  page  60,  left-huid  columii,  look  for  36°  16'  i  oppoaite  thii  beuing,  in  the 
*erUc«J  column  headed  "Diitsoce  0,"  are  found  4.900  uid  3.463,  under  the  head- 
Ing*  "liiUtttde"  and  "Depirtura"  riMtMctlrely.  Hence  latitude,  or  notthing, 
=  4.M0  ehatat*,  and  departure,  or  eatUng,  —  8.463  chaini. 

2.  LA  it  be  required  to  find  the  latitode  and  departure  of  a  line 
Tunning  S.  87°  W.  2  chains. 

A*  the  bearing  ezceeda  46°,  we  look  In  the  right-hand  column  on  page  56,  aud 
ofponte  87**,  in  the  colnnm  maAed  "Dlttance  3,"  we  find  (taking  the  detigna- 
tioni  of  the  colnnmt  fram  the  bottom  of  the  page)  latitude  —  0.106  chain*,  and 
departure  =  l.QOT  chain*.  Hence  latitude,  or  aonthing,  =  0.106  chain*,  and  depart- 
nre, or  weitlng,  =  1.097  chain*. 

3.  Let  it  be  required  to  find  the  latitude  and  departure  of  a  tine 
running  N.  15°  45'  W.  27.36  chains. 

In  thi*  case,  we  find  the  required  nomber  for  each  flgnre  of  the  dietance  *cpa- 
lately,  arranging  the  work  a*  in  tlie  followiug  table.  In  practice,  only  the  la*t 
Golnmui  under  "Latitude"  and  ''Departni«"aTe  written. 


IMata&M. 

».p»«». 

SO     =2x10 
7 

0.8  =8-^10 
0.0S  =  6-i-100 

1.026x10  =1056 

8.737 

2.887 -t- 10  =0.289 

6.776  +  100  =  0.068 

0.643  X   10  =  6.43 

1.00 

0.814 -<-  10  =  0.081 

1.628  +  100  =  0.016 

8756 

28.834        1                            7.427 

Hence  latitude  =  20.884  cliaina,  and  departnre  =  7.427  chain*. 
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A  TABI^E  OF 

WiMt  mtrg  Point  and  Quarter  Point  of  the 


ANOLB8 

Gmqian  maket  with  th«  Mertdlan. 


Kortt. 

li 

tU4i 

tSTW 

satu 

i;l 

Soutb.                1 

N.byE. 

N.  by  W. 

S.  by  E. 

S.by-W. 

N.K.E. 

N.N.W. 

;| 

■^ 

S.S.E. 

S.S.W. 

N.E.  by  N. 

N.-W.byN. 

li 

■Ota  It 
nu  0 

n 

SX.byS. 

aw.  by  S. 

N.E. 

N.W. 

H 

lis 

n 

S.E. 

S.W. 

N-E-byE. 

N.W.byW. 

^ 

uas  11 

Mlt    0 

ii 

S.E.byE. 

S.W.by-W. 

B.N.E, 

"WJT.'W. 

1:1 

mto  0 

v^ 

E.S.E. 

■W.3.W. 

RbyH. 

W.tjyN. 

i;^ 

n  T30 

•^ 

E.byS. 

W.byS. 

ItesL 

W«seL 

n 

BI  IS  W 

U33  M 

SO    Q    0 

]^ 

East. 

W«bL 

56 

TABLE  VH 

-TRAVEESE  TABLE. 

B»bs. 

DIatAiicel. 

DiBtaiu3«2. 

DUtMiecS. 

DUtMic«4. 

Dlatanoefl. 

u»a»p 

o      , 

Ltt. 

Tkf. 

LU. 

I^.. 

Ltt. 

D.p. 

Lit 

D.p. 

Lrt. 

Dqt. 

c      t 

016 
30 
4B 

1   0 

in 

30 
4B 

3  0 
16 
30 
4B 

8  0 
IG 
30 
iB 

4  0 
IS 
30 
4B 

1.000 

1.000 
1.000 
1.0OO 
1.000 
1.000 
1.000 
0.999 
0.999 
0.999 
0.999 
0.999 
0.99S 
0.998 
0.998 
0.998 
0.997 
0.997 
0,997 

0.0W 
0,009 
0,013 
0,017 
0,022 
0,026 

omi 

0,035 
0.039 
0,044 
0.W8 
0.052 
0,057 
0.061 
0,065 
0X)70 
0.074 
0.078 
0.083 

2.000 
2.000 
2-000 
2,000 
2,000 
1.999 
1.999 
1,999 
1.998 
1-998 
1.998 
1.997 
1,997 
1.996 
1.996 
1.99S 
1.995 
1-994 
1.993 

0.009 
0.017 
0.026 
0-035 
0.044 
0.052 
0.061 
0.070 
0.079 
0.087 
0J396 
0.105 
0.113 
0.122 
0.131 
0.140 
0.148 
0.157 
0,166 

3.000 
3.000 
3.000 
3.000 
2.999 
2.999 
2-999 
2,998 
2,998 
2,997 
2,997 
2.996 
2,995 
2.994 
2994 
2-993 
2,992 
2.991 
2-990 

0.OU 
0.026 
0.039 
0.052 
0.06S 
0.079 
0.092 
0.105 
0,118 
0.131 
0,144 
0.157 
0.170 
0.183 
0,196 
0.209 
0^2 
0.23S 
0,248 

4.000 
4.000 
4,000 

3.999 
3.999 
3.999 
3.998 
3.998 
3.997 
3.996 
3.995 
3.99S 
3.994 
3.993 
3.991 
3.990 

3!988 

3.986 

0,017 
0.03S 
0.05Z 
0.070 
0,087 
0.105 
0.122 
0.140 
0.157 
0.174 
0.192 
0.209 
0.227 
0-244 
0.262 
0-279 
0.2% 
0314 
0.331 

5.000 
5.000 
5.000 
4.999 
4.999 
4.998 
4.998 
4.997 
4.996 
4.995 
4.994 
4.993 
4.992 
4.991 
4,989 
4.988 
4.986 
4.985 
4.983 

0.022 

Qsm 

0.065 
0X)87 
0.109 
0.131 
0.153 
0.174 
0.196 
0.218 
0.240 
0.262 
0583 
0305 
0327 
0349 
0371 
0392 
0.414 

8e4B 
30 
16 

80   0 
U 
30 
IB 

88   0 
4S 
30 
16 

87   0 
46 
30 
16 

86   0 
4B 
30 
IB 

S  0 

16 
30 

4e 

«    0 

IS 
30 
40 

7  0 
16 
30 
4Q 

8  0 
16 
30 
4G 

9  0 
16 
30 
U 

0.996 
0.996 
0,995 
0.995 
0,995 
0.994 
0.994 
0,993 
0,993 
0,992 
0.991 
0,991 
0.990 
0,990 
0,989 
0.988 
0.988 
0.987 
0.986 
0.986 

0.087 
0.092 
0-096 
0.100 
0.105 
0.109 
0.U3 
0,118 
0.122 
0,126 
0,131 
0,135 
0.139 
0.143 
0.148 
0.152 
0.156 
0.161 
0.165 
0.169 

1.992 
1,992 
1.991 
1.990 
1.989 
1.988 
1.987 
1.986 
1.985 
1-984 
1.983 
1.982 
1.981 
1-979 
1.978 
1.977 
1.97S 
1.974 
1.973 
1-971 

0.174 
0.183 
0.192 
0.200 
0.209 
0.218 
0,226 
0.235 
0-2+4 
0.252 
0-261 
0.270 
0.278 
0-287 
0.296 
0J04 
0J13 
0J21 
0,330 
0.339 

2^987 
2,986 
2,985 
2,984 
2,982 
2,981 
2,979 
2.978 
2,976 
Z.974 
2.973 
2-971 
2,969 
2.967 
2.965 
2.963 
2.961 
2.959 
2.957 

0.261 

0,27S 
0.288 
0301 
0J14 
0327 
0340 
0353 
0366 
0,379 
0392 
0,405 
0.418 
0.430 
0,443 
0.456 
0.469 
0.482 
0.495 
0.508 

3.985 
3.983 
3.982 
3,980 
3.978 
3.976 
3.974 
3.972 
3.970 
3.968 
3.966 
3.963 
3.961 
3.959 
3.956 
3.953 
3.951 
3.948 
3.945 
3.942 

0.349 
0366 
0383 
0.401 

0.418 
0.435 
0.453 
0.470 
0.487 
0.505 
0.522 
0.539 
0.SS7 
0.574 
0.591 
0.608 
0.626 
0.643 
0.660 
0.677 

4.981 
4.979 
4.977 
4.975 
4.973 
4.970 
4.968 
4.965 
4,963 
4.960 
4.957 
4.954 
4.951 
4.948 
4.945 
4.942 
4.938 
4.935 
4.931 
4.928 

0.436 
0.458 
0.479 
0.501 
0323 
aS44 
0  566 
0.588 
0.609 
0.631 
0.653 
0.674 
0.696 
0.717 
0.739 
0.761 
0.782 
0.80* 
0.825 
0.847 

85   0 
U 
30 
IS 

84   0 
46 
30 
IE 

88   0 
46 
30 
16 

82   0 
4S 
30 
IS 

81   0 
4S 
SO 
IS 

»    0 
IB 
30 
4G 

ir  0 

16 
30 
U 

12  0 
16 
30 
46 

13  0 
16 
30 
46 

14  0 
IB 
30 
4S 

15  0 

0.985 
0.984 
0.983 
0.982 
0.982 
0,981 
0.980 
0.979 
0.978 
0.977 
0.976 
0.975 
0.974 
0,973 
0.972 
0.971 
0,970 
0.969 
0.963 
0.967 
0.966 

0.174 
0.178 
0.182 
0.187 
0.191 
0.195 
0-199 
0.204 
0.208 
0.212 
0.Z16 
0.221 
0.225 
0.229 
0.233 
0.Z38 
0.242 
0-Z46 
0.250 
0.255 
0.259 

1.970 
1.968 
1.967 
1.965 
1.963 
1.962 
J.960 
1.958 
1.956 
1.954 
1.953 
1.951 
1-949 
1.947 
1.945 
1-943 
1.941 
1.938 
1.936 
1.934 
1.932 

0.347 
0.356 
0.364 
0.373 
OJSZ 
0.390 
0J99 
0.407 
0.416 
0.424 
0.433 
0,441 
0.450 
0.458 
0.467 
0.475 
0.484 
0.492 
0.501 
0,509 
0.518 

2.954 

2.952 
2.950 
2.947 
Z.945 
2.942 
2.910 
2.937 
2.934 
2.932 
2.929 
2.926 
2.923 
2-920 
2.917 
2.914 
2.911 
Z.908 
2.904 
Z.90i 
2.898 

0.521 
0.534 
0.547 
0.560 
0J72 
0.585 
0.598 
0.611 
0.624 
0.637 
0,649 
0.662 
0.675 
0.688 
0.700 
0.713 
0.726 
0.738 
0.7S1 
0.764 
0.776 

3.939 
3.936 
3.933 

3.930 
3.927 
3.923 
3.920 
3.916 
3.913 
3-909 
3.905 
3-901 
3.897 
3.894 
3.889 
3.8SS 
3.881 
3.877 
3.873 
3.868 
3.864 

0.69S 
0.712 

0.729 
0.746 
0.763 
0.780 
0.797 
0.815 
0.832 
0.849 
0.866 
0.883 
0.900 
0.917 
0.934 
0,951 
0.968 
0.985 
1.002 
1.018 
1.035 

4.924 
4.920 
4.916 
4.912 
4.908 
4.904 
4.900 
4.895 
4.891 
4.886 
4.881 
4.877 
4.372 
4.867 
4.862 
4.857 
4.851 
4.846 
4^1 
4.835 
4.830 

0.868 
0.890 
0.911 
0.933 
0.954 
0.975 
0.997 
1.018 
1.040 
1.061 
1.082 
1.103 
.125 
.146 
.167 
.183 
1210 
1531 
1.252 
1.Z73 
1.294 

80   0 
4S 

SO 
16 

70   0 
4S 
30 
IS 

78  0 
40 
30 
18 

77   0 
40 
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